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1 5 "CONTROL AND TERM NATI ON OF A BATTERY

CHARGA NG PROCESS" 10 Technical Field This invention
relates to battery chargers and, nore particularly, to a nmethod and
an appar at us fyphofigdkder 0l | i ng the charging process for par/ptdchiedes and
for termnating the chargi ng process. 15 Background of the Invention
There are several nethods of charging a battery and several nmet hods
of determ ning when to term nate the charging process for a battery.
These nethods all suffer fromthe same problem they wll over char ge
a battery. If a battery is overcharged it wll produce oxygen 20 on the

positive el ectrode. This oxygen is then consunmed by the negative

el ectrode and the battery will heat up. The,risk of sone danmage to

bat teri es due to overcharging is nornal proEedure for nost charging

t echni ques. Battery manufacturers, to sonewhat account for this, design
batteries with extra negative electrode naterial. However, overchargi ng 25

& Consumed. ¢ hon-fut frONTROH, A@‘ﬁ% PERPIRATION F. AR ATTERY™ o' @

i $ consumed, then fu a a

negative el ectrode avail able for ING PROEFESS'S the capacity of the
battery will decline. A wel | -docunent ed effect of

overchargin part i | Yoe using direct current charging, is that the
Teefitidl; Yigf

battery vol t"age €. . . This decrease in the battery voltage
is frequently referred to H¥spinngntion relyss: to \basterye ghargersdangda morene
rr?t hod of ddlet er npatiogldryg tot atretbbd and ancippaghus fof eofigbiirig tHEcm%nig ence
of mnus delta . I n1.QC suc
occurrence. Homeegdrb,gs% E?rtsgirr)gttﬁ%&\}é ?ﬁr tree ﬁ%ae e é‘%%ﬁ%&?%i fe because
the mnus delta V occurs when an excess of oxygen i s produced by the -
positive electroBackgroundsofrethebynvéntion negati ve el ectrode. As a

consequence, this method ]
PCT/ US96/ 11466 PHePSird Svdiat hithblods of charging %@a%f}pﬁﬁé%verm{

. . . . a
to rise and al somsthedssof determining, when tp fgrminateythe gharging Pfﬁﬁffstsefr%i a
Anot her et hod obatternyer fhesegnetirdst all tsaffarnfrom thee same problemgithgy priltess

has been used msoekﬁgrégaé bﬁ&&v}ﬂm%ﬁeﬁ gyo\fgiéﬁérggg g?willﬁﬂjoaﬁéec ﬁﬁ% rent

t hough the patter n pplyiL.nd a, di a u a argi ng
pul'se. In tHs ik ABIPOREVEIRICGONF- s TBISCYact 15 dieh raptmed by the Aegaive |
response to the elestrade mcbdmbgaemrwiéhhewupngmhe‘islf of womge damage tul se
or inr SSItoo ntSﬁ t Bafidiges duk qoObvEFtha n"geﬁoitﬂiﬁﬂnmpid&dﬂté FORTHSst ci(n)argirryl se
conpared to the r _ . .
char gi ng pul se. ﬁ%&%g ?#et&g’glré&ﬂ' gﬁﬁ%r g‘%g"’ﬂg{‘fﬁggﬁ‘r@“ﬁ’ﬁg?ﬁﬂﬁu&%ﬁgﬂ
di schar ge vol t agBatiefieseWithcextraonegative elecunde seateriak n\Homavesrgvercharging
Anot her netdsod ofrréversibhipcommmdicthentigative dlécirrizsand, once Rhe ¢kt niterial
sanpling the ter{.@ @%sn}(r@%&?qgeﬂfﬁhﬂ?e We&@l;\yrggl‘gé G reduc ARG JAe PoY Ses
a predetermned tUire, alfter’tne bgigllﬁm ng .0 char ge. )
Anot her net hod phRegatiieclperode axailablg for the,charge starage sgdhe capacity of the
battery will decline.
A well-documented effect of overcharging, particularly
30 using direct current charging, is that the battery voltage will decrease.
This decrease in the battery voltage is frequently referred to as minus
delta V or negative delta V. One method of determining the state of

charge is to detect the occurrence of minus delta V and to terminate the

ure

- charging process on such occurrence. However, this method will reduce
35 the battery life because the minus delta V occurs when an excess of
. oxygen is produced by the positive electrode and consumed by the

negative electrode. As a consequence, this method allows the battery



when a charging current is being applied and nmeasuring the battery

‘vol tage during a discharging current. The two voltage neasurenents

are conpared and the charging process is term nated when there is a
predeterm ned difference between these voltages. However, the 20
predet er m ned @ofhHps@pce nust be sel ected dependi ng upon t hepcryyeefiliss
battery being charged and the capacity of the battery being charged.
Furthernore, this nethod does not prevent t e oxygen generating

coi ncident with overchar becau ﬁes not accur ateIY det er mi,ne
the state of charl§ E‘R?F’a‘i“% gaf‘?%ra}‘ Q¥ Pressure,fo build pip fpside the; o
25 bei ng char gemhtterya fast rate of charge then, if there is a long

?:\I_sm)arge bat{Jul se, a njAgletherC atktho 6f\lldaiénﬁrn nwhER| toRémhinayelrthee

|

wi |l change c‘f{)i%lwlgséroggﬁi H%’P?%&gélgg %w&ueﬁfe&ﬁg@?uééWb* ?Siaﬂgm S
method is nof  Pu S%%?Wf@ﬂ“ﬁh ¢ bateryaand charge pulsegftarpeed
?fesﬁlhﬁrigﬁ >0 dagage. t o the plte ol ﬂhs'xﬂeﬁ%ﬁeﬂlﬁf‘er conp a?éeéwtérgirlﬁé&tahgan
battery chiil é?.@%ﬁ%gseﬂﬂéha@“&mml Sehiret e -%gf care}

frombattery pulse osznt wsponse to the ratio of energprremusrednby Hbe dtfscharge
conéI rolli ?ﬁ the | PSS comparsd tﬁb lﬂ@@&n&g§/5prov1d&!5 {té&l@é‘ﬁﬁttéfyeﬂuﬁﬁ t;ﬁﬁ@edmg

r n n

battery is aiuwi%?’%#rsefﬂs% "B SeyeR., there 15 ot £ Woﬂ%gm‘%éé@s‘iﬁv%w@?a e
i s conpared with dis¢harge yﬂ!&@g%almwdttbec;&tepﬁ\charge of the batteryap 97/ 03489
PCT/ US96/ 11466 Another method of termmatmg the 3chargin rf pfocess

chargi ng current g@fdése ggﬁ@ﬁﬁ%ﬂ&ﬁge .,..ﬂki a}, %?n{hguggﬂg q{e‘g}}Vﬁg{’

-I

exanpl e the anbi enper atur e rnte atur
pressure, the ché’rbgfgi&g(ﬂlmeérﬁ P""(S‘Ftednﬂﬂ%ﬂﬂ eginning of the gharge.
current. HoWBver t he rreasAmﬂmmnellhoﬂfp'dvedBSSfoameashmg thel baateey rwﬂttage5

occur when all &gl

equi 1 bri um i}@h G o Enifdihg Cuta SbARE AR B e AT THEba
measur ement of op% ta(&erémg %#F&g%r&!% quEremts %ﬁww&‘&a&ﬁ R aspEments
time fromthe endrefcanapanedearid the cha:rg;nggarpud:ssels fenmimated | when tthete isea

ooy o, | gl ey b g et e 1
Wil ?8 depdh un%ieg ffere ll:' he %qﬁe rfgpgggjrn& %ﬁe type of

vol t age

battery and the etg!éteﬁy hmagmfmanﬁr@ecmmrafmwtea élemgmhaeged |
change, due to t (Furbissrenisres ithis® iméthodl dbBs ndtaprsventrthaCoxygeén "Esifes ﬁﬁﬁgnt

T5 i 11 not  pr mngiOehe filbler BaARE beabel it 05557 ?M{F“&%@Eéﬁw e o
or dest r oydhe statetofeeh argﬁé}fethérléattﬁfi’f eTbﬁ@%%Foﬂetsv@éh dbe dattery is
differences2s  beheg ohergedystes fast rand bfchase de, tf fhees ¢nadeongrdisclrirgel e

bat tery whi ch pulsE“E fe ULEAtIS ENRCEF 9y§'xﬁ eﬁ%@ﬁ@agaé VNS e

roper reference or, ver u 20
Rnypnet hod whi ch haafsmwyﬂlc g%a%dtsﬁ?@gfgh ¢ tof fhasgig voltage Wall chiyppe
const ant|y changibegapser efrtheechange inhbatberyt temperatucs) Thusthis maéthod is not
resi stance, pol ara'cégfdtﬁ”fdre Qar fb%tt‘e @Sm ﬁoﬂi?ht 's?@edmﬂ’ charge

tenperature r r ses | Ng_curr

to avoid an%ver?ﬁﬁ?‘ oﬁ?ﬁ“?f Sﬁoﬁﬁﬂ 18“83 tg‘ "g tm25
No. 5,307,000 di siammt@snhngbmlm pI'EchIWMrgmphCﬁesntﬁtMeﬂlﬂed)aMery
char ging pul se aRfiaRiRAisias é%géadﬁﬁﬁg’tl‘ié‘éhﬂtfgiﬂg%ybﬁtitﬁl)ba ¥y FHorhibilitery
chargi ng pul se c rrents for a longer period of tTne, w thout” marginal

vol tages per cell meﬁ%at production. Wthout a pI urality of

depol ari zation pul ses the ABpthegemethadhef wontesllingithe chasgingeeycleauses alue

to 30 a gepi di"vedis@aneasfrog volbags réddifp. OfTiR @etloady (Gesistitive the")

el ectrodes, t

A rapid chargl ng %‘S‘i@%‘ gﬁ#gé%%g%gasgtg?gqs %$@Pﬂlﬁf]§ép%&é)%&%f F'é‘%ﬁgé’ég

met hod of char gi P@leserkis|voliagedsnogaparedrivithia seferansgevoliage tqadgtﬁrm;se
chargi ng nmet hods have relied upon tenperature cutoff, or 35 other nethods
that are not appropriate and/or uniformfor all types of batteries,

and net hods that even required selection of the battery capacity even
when used for charging the sanme battery type (| ead-acid,
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4 Ni Cd, Ni MH). O her previous charging nethods have relied upon

vol tage cutoff. However, a fixed voltage threshold is not reliable because
t he proper voltage threshold varies, depending upon the condition of the

battery, the tqypelgaigsre, and the battery's previous use andpehAssa1466
hi story. As is known in the prior art, the preferred

t echni que for rapi dly charging a battegy involves forcing a high
charging current |

nt . the b er referably by applyi a seriges of
chargi ng and depoﬂ&r‘iﬁ}qrgljlg cumntpmgggfpggchevq;agpép& bﬁs&ﬁ‘/?@{ig%%% or

process becones fexdmpleatht ambidnt tenipesatant,hednternhbtegnperature; thet mtésmadne

hi gher, it is nuc el J 0 : ) i s
fully charged andﬁfé&ﬁfe,%t’, Ll! ng current, ofl & %hmt‘%%ﬁ’ﬁ,ﬁ{lué 8 R! ERirkin

when t opt | ti o) e or 1fy~th
char gi ng process SWIERE %’Yﬁ’&ﬁt c measwgﬁgg&%}hﬁﬂﬁwwgcﬁﬁg‘? {’T&ga&%m"@ y
is fully charged, obexriwhemadli thg ccllsdn the batterydareni apy equiliboiuan evodiielf an

over char gi ng of té@uﬂﬂiﬁﬁﬁ)\’ .comlition has not beehO\WbYSined2thehatiRd PHIRY
over ¢har gi ng causg

S thin i he. bat tor GEa SRR of aRom gLt VllgeS, GEbs gitferenb drschdjie fbon the ©
potential |y inititimenfrom the end of th¢ previeusrgharging pulsen alibg equilibrivng time
the battery. It igejdifitnon ffié chﬁfgiii%tchﬁ"em iafd Y8 ARSS transfer %ﬁdbiliy of the
chargi ng curent stahi:lizgd or b n to increase.atter a 20

o aton Yoo 180 ity st e, Abeultafy B3IHE fiBatitEighn o the vksande froe
this method relie¥olipgs wilk igpgadiuparhthe sonrentrationrofcthe elactrodyter in e
battery whi ch occhandyednd fise Bgé bE e battery. CThe optexrifiéey of @lettiohptenwill
runaway condition S 3 Lt i ' I G4 ' e b '
char ge)é Wit hout tR28 ftdg?i??ég? %é%‘i%‘?léf‘ﬁ%’%e‘ﬂf@?i%ﬁg ot 13&%’&%0 %%@e%
condi ti on. of the open circyit violtage quillisaconds gisr the prd of arhargings pulse -
gassi ng, heats ng, will not prodiceacouraeyesultanThas,the banery ean beldveriaitédoy by

reducing the desﬁﬂﬁfe‘li. n?’uﬁ#éf‘,eﬂﬁafe a%hﬁ?&kﬂ?e& ﬂ&v&éﬁ% 9%

term nating the rgp C Fl’gl ng. procgsq'siga an ear ;/ tgaglsi’lﬁfsf%%&lﬁ%n
sone sel ected cri beipyeen typesspl bagengsy and [diffemnnes Inop yingle batigry; which
char gi ng process becurbéwringthe ichdrge cycle. t Thusngedectidnoof she propeareference ed

into the battery,vgﬁa%@ﬁ] d Bitficult or vérs THAE-LbHsSmigPVever, these nethods
may prematurely termmate-t he h [

C ﬁr Ng. pr 0GESS, 'tt}gaeb | eavi ng the

battery in aff under char ged Any methgd jwhichrapidly charges, a qﬁfyémlgnﬂ: t
time that is requforethef constaitly changigiparametetshofithe batterys sachrascinternal
charge, to bring réﬁsﬁﬁb&?rﬁofa‘?i@atfdﬂ lresistanc& NI thhdsfer USoAitidrad
anper e- hours of C_?ﬁ%rége ﬁxs t det(irg_ ni. n Cr.l t]E{,I a wll cause
catastrophic faill FTBHuIE f IW‘ f '1&’?1883’5%85ch? |uS§es a.tapenng cugggnt
97/ 03489 to avoid an overcharge condition and avoid gas produtiarso§).3.1Rgent

g . chaggeg MR t533077,0002dis810ses %@ﬁg?iﬂiﬂtipreodil%éﬁaig% pilgks betweer bach

attery e r A Q C . ;
char gi ng pul se mﬁgﬂ :bﬁlé%aéhalémtw#éss ﬁogtsgﬂﬁag};gﬁ# q’éﬁgl gg%%&ﬁ'\}g{ glg%lgl ng
of the battery w fharging pulsggnrrents ferca dongerperiod aigtines Withouf marginal
Therefore, there veltageseper aelh amd Hesht oproduction.el Without adpluabityi of
the state of Char?ﬁ%ﬁﬁrﬁa hﬁfs\és e REfhse b tﬂé“bg Risd verﬁfast, ghétgi n9
1.d ¢ e se

process, so that rap argi ng process can as 1,0 as
possi bl e, th#} ebyaH?P@Yﬂgcm“%an%%ﬂm%oeékf"ﬁ %Topﬂfll'i)] Slegtrdes.
condi tion, but thpanticplatly htthei end pf achasginglpuldee ternmi nated at a point 10

bef ore damage occurs to theAlﬁnEicPE:Martgin% process must be bas€d'dn & relifiblel #8d
rapi d chargi ng process, at sgt nt. as th .beco

pal battery .s..hb n
substantial |y chaPHEise mgthg P&R}l%’;%&?nﬁel And; charge T DZ4HOR, ¢ °
ful'l ~current fronprevions gihagging methods haveoradiesd upon tempeature cutoff.uor ent
delivered dugd ng biter GRafHHAI%haY aPE noR WpProptifie! didl/6F Unifefk fit- all types of
’ batteries, and methods that even required selection of the battery

capacity even when used for charging the same battery type (lead-acid,




15 However, termnating the rapid charging process at this tine would be
premat ure because the battery is not fully charged and is still anenable
to a rapid charging process, but at a | ower charging current. Therefore,
there is a need for a method of nodifying a rapid charging process, as

the battery |s? Pl charged, so as to continue rapidly chergisesicee 20
battery in an efficlent manner. Therefore, there is a
need for a nethod of m)dl fying a rapi ¢ chargi ng process, as the

battery is becomn rge o) continue r ing the
battery in an eff| aNMﬂa va%%ﬁh?‘ﬂi#&ﬁ’@‘h?&egﬁ%ﬂe 1ed upon
The present i nventvioltage suttff. ddbw&ven acfixed sokage tln!eshuldms not reliable bévanse
battery is charge d
<th E@@r%tegeb@tr%sgew &, Qle gqﬁ%hbﬂe &shdition of Y8E

| bl e t tt
form nates [he.r abalieE ot fe & 52&% i BREVIORS deyand Charge

over char gi ng $he Ihdstory.y and thus av0| ds wast ed charging tine and
energy and darmage to the baAk%yknov&én i, the prior art, thé%g“e&gr%%&iﬁl que for

invention, to deternj ry. argi nd pul se
i s appli ed to the XE ﬁm IPESE’FStfﬂEng E nt mnto

(depol ari zati on) mheb baﬁexzyg preﬁepablydajt applbrmgmtsene.yof Cherging andtt@blar;zmg
voltage is measur iyl J§‘§ gﬁr Fﬁ bédbihts faster andhé Od
and at t £

ft f t d t.
Ceet pari od Wiy asatéé@'a%%l% Eing Gyien &% dbicmiish fhoms, dificylt

WD 97/ 03489 to determine when the battery is fully charged and wiew theooptimues
6 created bym@ngl drifinate! aaqnaa f%smet EBa prokeslockt. baWit%iit and

S typlcallp¥eof la Si n.|f|c thtHé g’%‘?‘tﬁ’%t g{éﬁgrt erd

pul se.
battery, the andlee)gtgjsarefwaetedrdueﬁ@mrc hargingoof theobatiaryconverted into

Idead, _ Itegd oxﬁt ge and 5 Hewewef Ohyts@ateanﬁbovﬂﬁwsiaﬁa@iﬂg Itmdes)@adgngte
eposited on er C

formed at the el e@?ﬁg‘%&‘ %%(5 and mc?éa%% é’%ﬁﬁtgﬁ@ [\ %%tgéﬁ' %w%g
el ectrol yte ions samagesiethedagipry or potentlau)ﬁslgmat%@nmﬁaom thermal
di fference in theraopaesy t:ondmnsmoﬂxetﬁm It isi laioewra dsatrtble battesy ixcehiavged

and the concentr a%{:l-fﬁ?f %f HaP é]xé-réx{? Ha@estétﬁl n?dSB% Hhd ﬁggun to increase after a

When a battery is he conce

el ectrolyte #& smiraduat reqsg @F%@r%‘?@ﬁt@ W%F %Wt wever,
el ectrodes are raphisl methiogsipreliesdupon a ¢changsdinuthe cermiitalecharactetistics of the

bat tery becomes Mgikyy WHAHSEcul Whefl! tﬁfafﬁ%i‘)eldﬁxf:f& &t 3bi Pilininh] 15
smal|l and thus the 1 oMs erse \ﬁ ﬁ?}eons rse, .t he
| ead sul fate canndtlt %@%CPB vﬁ&'ﬁrt‘ ﬂgﬁlwg%ﬁ%m ‘ﬁ:ﬂ] %atttﬁg tHns
forma barrier ar ohargedhmthbutthe)beuem ingeclont to lentering ar theomal renaway
efficiently agceplpfiditionot her charging pul se. Further, there is less of the
sol uti on whi ch can be conv he, ch j r . |

occurs, the chargl ng vol tagré lgn.g?%blge Wc?gé@e% ﬁr‘gﬁgé‘% P?%?@%’?}éang’
battery to accept thermnalammayainand fotben degmagecto thetbatigsyeby reducing the

i ncreasing the chghgk \cﬁhemeeawrtﬁﬁ ttlirecmtgm timé, hor tearnireating the rapid
Lot Xsfi? oS8 o3 O et o PP el ey o
absor bed ver§0 s| o®KIMBPIRY ?@ﬁt@?rﬁbﬁ-" gﬁ'ﬂ?%ss[}!ﬁ%%ﬁ

venting occurs thehétﬁnpged:@as oﬁ dhasge dioticeab mtmetlmthattefyhm ﬂmbawmer

The battery will faibeigbde &F&}Hstﬁé’s% HiRiHo prEfidRly thiifinhe b

vol tage needed to

€ the att ses un es ny
battery and exces §f’9$188ap¥9ﬁj’sﬁa§ ?ﬁﬂlpgr bPFtGF% ln3(9n underctk]larged
The present i nventondltﬁbmcbnssiﬂ:stamiallweeﬂend ethef tmtmrtyat ds required ifer a

battery, thagsis, E SRCRBIKGH, 'sﬁeh%atﬂ?&kfééﬁérg@'ﬁbt %psét zPﬂ:ll
can be determ ned ring.t en clrcu tte.r
g | B150n JHINE ERE 5E AEIRCLS: buscof afirgB as 8,

during rest perio&
vol tage is appr oxicriterid will lvause catastrophisrailues fore fuldyl chargdsmmmbeﬁ:ll)% '
rest period, then the battery is not being overcharged so the charging
current need not be changed. |f the open circuit voltage decreases from
one rest period to a subsequent rest period, then the battery is being
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7 overcharged or is being charged at a rate higher than the battery
can accept so the charging current should be decreased or the

char gi ng process term nated. Thus, when the battery
beconmes char gego oviasuse har gi ng 5 current shoul d be reduced geernidegrnisge’ €l
that the battery will efficiently accept. In the
present invention, the battery is determneg to be efficiently

t h d. the ch d not, be d
ong.as the cecondaiert PABeRLIEH Bihif Sh-ERing Psvecsetis spmlied 1o theckaiierse
the first vol tagebenemﬂmbattery will not be able to acé¢ptathei ighhchargime ptilse

i nvention, the b%hfr&hYs i in(iﬁfseddgbngﬁksh% dexcegslo@ﬁsatﬁxogefm@%a&e@ Wifl

chargi ng current uld be reduc secon tage

measurenent is | .?ggﬂ} *‘Paﬂc‘flﬁ 'fqors *measur enment by sone

predet erni nedl vol t age di ff'Eherecfere(,Amerens a need for a methdiof ateumtelyent

i nvention provi deetdriinBse e sRltY of chargé @ifes ma&bﬂa é? ﬁl? &uﬁﬁgcf'%ﬁa of
con

T na g e SHAFREHEBEL I U o e G o B o

Therefore, it isa8PasBj bripgingethe batteryitto or verymeaviadtniRlocharzed
met hod of nore picenditidny iat thenapid @hafng tprbeesk wild BedRrinRed 3t t#p¥int
by conparin the‘tB?ﬂrEeda\an 6@&% pg%geg ffer ent rest periods.

The present |nvent|on pro ‘charging a battery. The
met hod i ncludes the steps F‘W’lﬁﬁ rapichehayging pracsss, at somepoin asrthei des

an ?ver a]ge cha][ gbagegursrmnmnmgrﬂubsmgualljlldlﬁi‘ ot the dareryomay it ‘t{éhﬁtﬂg 1o
waiting for a fi atter
g 'hg tetﬁE lﬂ‘flant rfF@:?lLH bﬁ&g&\g piéf&lgl pius, some (2{) awgﬁ y

at a predeterm ne ‘?
second depol ari zIFA Bh §B"° yrng the Pulseceauspe gasying and eating.

{nﬁasur | ngdt Ite ;/ochagwm'f terineinating ¢hy rapld ?mrgi eyl predess aedhigaiite woiild Be

e second res

the predeterm ne?ﬁ%lgﬂ'treqﬁkﬁﬁgng %r‘gﬁtlﬁr tlgr@%ﬁgr@g}wg@ EESE{@ %@%ﬁabgé t he
predet er ni ned poih Rﬂp}q}\,\ha{g\%g DIGSSS butsat 3 ‘f’%rdc %’B@&ﬁ%ﬁﬁﬂhg exefore,
average char gi ngthereriera needéorla mpethpdroft nodifiyinga mpid charging \protesshias
difference. the battery is becdxﬂin%”éh ?&f%o Qé t6 Rk 1ﬁ§ ?ﬁldg){‘\éﬁﬂf?ﬂg th@e

steps of apglyin appl yi ng cond
depol ari zi n@ pul ggégrym an € 5@ ﬁrﬂg{‘g ‘the first and second rest peri ods,
and neasuring the vol t ageslherefore, therews a7neshdor a method of modifying a

PCT/ US96/ 11466 rapid charging process, as the battery is becommg8charged Wht 44 fot he

first and second {,ﬁ%\%e‘)?g{ﬂlﬁﬂﬁcﬂr&r{g ﬂx%aﬁa?%r”ntgﬁ?ﬁfﬁ ﬁ%ﬁﬁﬁ Lot the pr esent

W thin speC|f|ed
i nvention the chargi ng pul se has a chargi ng pul se duration and the
step of chaxgi ngSulemanrgr efthe Inveritdéi ng current conprises changing the

charging pul se duration. The present hventmn lkrhl?éb%&“? a@éﬁ%?élxotietéﬁﬁ'ﬂrﬂg sent

i nvention the chargin cuyrr
and the step of g*?PS&F%IS charge ng e"‘ﬂﬁfﬁgﬁ‘ &i W@‘ ghargng d’é’ﬁ‘b‘?ﬁss@s
changi ng t he chausgdas pomg as possibie, thereby mhstanmdb' chdiging the battery, but! n

anot her aspect  oferiiAaREEIE! rdﬁme%hhi?g‘i 'aﬁgap bﬁﬁ( which WRdids
chargi ng pulse repetiti o.n rate qg e aver H%e
char gi ng cutrent f ah@" %lb%“gmgcf Fofnd
| n anot her aspectn@‘gywml @amagsto thwbatterym each depol ari zi ng pul se

has a depol arizing pul se qurRNpreRBAt invsiftich)dio deteiRiin Wvheti laBactery is
charged, a charging pulse is applied to the battery and then at least two

- discharging (depolarization) pulses are applied to the battery. The

35 battery voltage is measured at a predetermined point in a rest (wait)

period after a first depolarizing pulse and at the same relative point in a

rest period after a second depolarizing pulse. The depolarizing pulse is



15 I ncl udes changi ng the depol ari zi ng pul se current anplitude when the
‘average charging current is changed. I n anot her aspect of
the present invention each depolari zing pul se has a depol ari zi ng
pul se duration and the nethod further includes changi ng the

depol ari zi ng pwonskes at i on when the average chargi ng 20 @OTIUSPEN 1468
changed. I n anot her aspect of the present invention a
nunber of the depol ari zi ng puI ses fol I60vvs each the charging pul se and

t he met hod f .0 r1urr he | ng
pul ses when r%'a}féﬁel?péiag&bngﬁ %%5%8{}% e "'%ﬁ %fdih ggﬁ&?’ 2hd 3

The present i nveryPisallyiofa gigpificastlys ndaratmn ﬁmﬂ@e@agmg pulsepat t ery
byI a pul se char gi n{g péé;;ﬂ%}gﬂﬂ@cﬁﬁfgiﬂgl ule! isdpplivdnboyd lm:fnacé%%:atte@hahgl ntg
pUl se. 3PPl i 1 3ol LS BB EFLALRE OIS 5o Lo b 3End, 1 oxide, and 5
eriod, measurin & r‘l e oi nt
\F/)mtm n the fBrst 11%3{0116@'10@8 Bysplepd ragdalea@@mdt u@%tﬂmmd 0y the: mpectmg

wai ting for a seeiétirédest PFhé @:lecmmyrmm aree fy@hédaft e eltiRlesennd at

1Tt or ence. bet vedEOuRY, fhe %Z,&té‘f&t ﬁ?ﬁ’gﬁ @EF‘&B% d?'teeﬁ{g‘ﬁ’@#&?hgyf? s
rest period and tFARSpertt Oé@e%éu?)ﬁ‘édh‘t? gamognirations of ¢he,

rest period, andioms arowtd nhetéiecweseanﬂaﬂlelmmemnsldf thee ictiss inaltlwce
35 is gr egper tsBﬁﬂuﬁa pr edet er mi ned t hreshol d. The
present invention SO prow des nmet hqd for det.erm ni ng t he,
condition of a battery. Th¥/hei A tﬁeﬁ}fllﬁldﬁgs"bbﬁp? arged, the concentratign of

97/ 03489 the electrolyte is small. Thus, the electrolyte ionP@di1héd Girdiir® the
9 char gi ng epdtRiels Oarm"apikﬁ&tcﬁkgers@@%%' e ?olﬁhgﬁt HOWRVEL '&{1{,}9 !l se

-

|

to the bat t er itin
vol tage of the attéry, becames aostly charged, thee @Wﬁ%%ﬁ%ﬂ%@pﬂ?ﬁ%és
first rest p&ri odmall and thmethanomgdlspmammmgxlowiy t Dmtid shie iomg dispeases ¢heond

ggggfgﬂg zgdpglo'léeﬁdt %ﬁ_lf te c4hhbt Htotvgetg‘;thé %'imﬁﬁ?tof ébf&étroﬂs Bp! ﬂg ﬁeﬁsrggg
deternining a di é)grner am”&f\%\%ﬁﬁ%ﬁ%ﬁlﬁ'&b@“&‘@’?ﬁgef? oges

pr edet er m ned poﬁﬁﬁm&nﬂytaw&mg agether charging phlses d&uﬂtbrptbdeuszkm nédlhe
point, and i ndi cablutibr ReicHada®l bé teuveres by the ch @rice' this f

the di ffere at r
The present ﬁnveﬁfﬁéﬁ 1t élﬁ?&m%&gﬁﬁﬁﬁﬁ%“ﬁ?aﬁgm lﬁ é‘rﬁfﬂg{’ *}ﬁgcq fhe
char gi ng process batiery thaaecapf. thensamet apgunt @fuekarging curegnyi y Hoyvever,
;:Eargl tn? pul se t(imtlhasir@ttl@é)cha@gﬁig/lvbttagefctanﬁbs ddpoivater im ghe batterput(se to
e batter wai
of the bat%/ery atdl | rs%@“flfo ﬁ&dﬁl%%l g% 0l, nt %ﬁyﬁh?h 8 d":&ée erl od,
neasuring the volf® &%!' g4 inte the solutien. JHomevgs: Mﬁéﬂ)gﬁ& &t
within the 25rst absmﬂ)eﬂeverycklowhphndrm thedsattery intepndlopressurg huildsenp. oIf he
battery, valtingbfing ﬁfs et og&i pflis IRAIN 0 Bamy hdRsCivalde
battery at a f|r S@ shcvc\%}‘sg@gt egsg&g? rﬁﬂrﬁ‘é&pﬁﬁlﬁgh 20
measuring the vol o e
wi thin t%e secondoltage mdedd,o dbmgcnﬂm bajteryf causes diridesired heatibgvef the he
'he. vol t age. gf Iﬁéﬁiweconde{gfsgg%aﬁﬁg 3““"7}3 hgﬂ**‘ﬁf‘ege“ P%;‘;ngf‘ﬁd
.o I9Ty S ta
determ nin second diffetdh \7@%‘? WL ﬁtt N £
pr edet er ni %ed poithe battery, thanhis, $he weacerization of cthe Slertrolyte/in thegsolutionhe
tsecond Itoredet ﬁr MR bepdétdimiidd by nidususingand dpeat cipatit letag@@f the battery
ermnating the P fI e
than a predeter mﬁﬂg%l%t E%é ﬁ&?‘g&"s %ﬁ?ﬁgﬁg gé Séulg%% gﬁﬂsﬁég?gé? Q-,:’;Fé{i;h
the predet er ni ne¥oltAge i approxsmately th e same from oRG, E9st Pepiag; 19 2 subseguent and
advant ages 8§ t heegr then thei batestyyiiemoti be pdrsontheugitargimgadi ng
the follow ng de%f. .clffigdéu ngﬁmiahggdqg{e@gpmgé de%ﬁ&stigrl&ﬁ{‘ In

conjunction with
J one rest period to a su?)sequent rest pengg then the battery is being
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10 Brief Description of the Draw ngs Figure 1 is a
bl ock diagram of a battery charging circuit used in the present

i nvention. Fi gures 2A-2B show waveforns which illustrate
a battery 5 wostmsddng process and how the state of chargepofusdsardsattery
I s determ ned by conparing voltage neasurenents taken in different
rest peri ods. Fi gure 3 is @a flowchart illustrating the

process of det e st at har attery

Figure 4 shows vva%ﬁrﬁi‘ e\f\ﬂaﬁ F‘Q d;abﬁtg'iaé‘? &“ﬁ Tt h"bttWoﬁ%rés
and how t he condiacoeptaio the: dimgmgycun'enbsbonldqbﬁ decreased or the charging
Figure 5 is a nodpfdcesy tetthifidtedhe flow chart of Fi gure 3 whi ch

illustrates the process of deter t It an the ;bajtery. .
Det ai-l ed Descri ption of th«;ﬁ ‘m’ nﬁfSp’&t ecofliés °h%Fﬂr g g%'grgbng he
drawi ng, Figure lcurgent showld bn agdmdoto the leved that the bateryr wilefficiently

used in the preseﬁcepﬂventlon The battery char gi ng and di schargi ng

circuit 10 conprises a ke d S
chargi ng ci I‘CHIDt 15, a di }s/@‘ﬁ 'rhg Rﬁe%?ﬁg%‘{ °§{4tﬁh8n attel&f lsagfg’ *t "lgg(léé l&%d a
current nonitori reffisiertly tacoeptingea chaggel and the zbarglagnmwdn@@ oed bec

I nput ?f t he contémiﬂ d akJoapcasathe ®ecorid eoltagy mecasurementlma mK/ngtetlyq;ile .
araneters s etc.) an
8t her rel eva f@%@@@é h%stﬁ‘{: l@gr&%%ﬁg%rﬁ%atter vol tage Qr nunber
of cells in serl es. The keyhlse, i thepresent “M@}Ems(! e battery g Q'Pteﬂﬁéﬂe(gﬂ? ay
of switches, or obéefiosthyviligrgtdrandrthe rchaggmgfaum ishould?be reducedswhen Iﬂhey

operations by thecgisar. votl %Qﬁ@%ﬁlﬁl %m the first voqfaﬁgrxﬂt%sﬁ%fﬁgn

the paraneters for a plura case
user woul d si npl yS@HPGTCQFtﬁEN G&s(éav}mdel nunber, and
the control lg 13 woul d autFines,i thélyresentthn/emroanquwdes for appnmﬂel;ate

L or. thgag oﬁfﬁ ter gr&%gﬁnughﬁ tHe l%gdytgmﬁaf qlfd&%?y&ﬁ awagld chargthg protidsPut
i O FERmINgHE, Iho FPAEEPETORTH B avaiddlamags o

paraneters, etc

alarms or al erts therbatteryoper at or. The "C' output of the
controller 13 is connect ed r&ﬂﬁe it is an &I glprrg*gﬂt ,ﬁ@enumpt&%aj,gﬂ@g
circuit 15 provides in >, qur tepy, 11 ng
upon the apptd cat?éﬂ H fgwg?%pﬁﬁclsey({%wn %\éh ﬁl’:% o

the controll er 13by @opmaimg’rtmsbaitery voltagoﬂn;t\umn dﬂ’feragbrqsbpﬂneds;r as a

constant current source. Thehe iPresemt AVention providesV'® MétHod #6r charging a
PCT/ US96/ 11466

Control ler 191 PR The methed includss g 515ns.BEARPIYIRR; 3 harging Pulkd®
circuit 16, whi chthl‘] bpre ngnecawagmechmmm icarrerd, ¢ ap gda first

tC(r)\nSIl;)atn: demfjlar ' é@ﬁdlﬁﬂz i@l@é waitidpe fdred fizstrebt pefipd) meas@ﬁﬂx%che?doltagd to
e battery 0

battery 11. The éf 3@8# %1 ﬁmﬁég%&@{?’@ﬁlﬁéﬁéu S r%gtt ?salog

are controll ed byaﬁm@%ﬁtﬁe&m)@ a"ﬁ’r@gd{;{%twﬂﬁm& fora, seepndyrest PR

15 and the di schangiasgring rthelmollhgeamiéﬂmohmyeai the piedepraiined oindr withian

01 T connect ad t e SbeeAAREL peri B4 WHRACe Matwben WEVORAECRY |
20. current 4 owi q;?ige&ngg B}Dtt ﬁ?{ Rt pgtlo aﬁ@%et;th'é)h@ ot the
det erm ned by neapredeterminedvpoins gwithin 8& secend ucstepcnadnan@rqhaggmg the

resistor 20 on 005%15 € 'chérging Rarent depéndin %*ub@ﬁ tneahﬁﬁnﬁta«aaﬁﬁamy of this
t herefore functloaﬁ a cdrrent nonitor and current I|mter - cour se,
ot her devices may ge £ to deternine battery current.

Battery voltage i s noni tordnm;e amggpfm@e present invepsion the stepseofiapplying

conductor 2l1zqand gHef éliax‘gblﬂg yitlgf @ Firet! and gecond Aepolarizing puises,
moni toring resistor A8 fofte fnr'gt %‘i}es%cgﬂd TEPUridi, hhE niGlshBBh BEVIRRes




cohductors 21 and 22, or by subtracting the voltage on conductor 22
fromthe voltage on conductor 21. Conductors 21 and 22 are connected 20

"to the "V' and "I" input, respectively, of the controller 13.

Battery presence may be determ ned by activating the char gi ng ci rcurt
15 and noni t or iyag off3gse0ut Put of the current nonitoring PCREBSmIO66 20 t O
determne if charge current is flowing, by activating the di schar gi ng
circuit 16 and nonitoring the output of the gurrent 25 noni toring
resistor 20 to determne if cha current is flown n orrng
the voltage with Pathan the £rst gn(i ‘é\?f&{ﬁs t periods axy é'ﬁ&f%ealf the 8@? S8 it
a battery is presmthlnepeclfiedllmlts Tenperature sensor 23 nonitors
the tenperature of the &'dépadt GPtheprésen énveritionpiblecthatdin epmse

The.depol ar i zing oY & Ehaan ”bergreﬂse cﬁ‘!rg'aﬁﬁaﬂﬁrdoﬁ“%ﬁ{%nn@? %@?gﬁﬁ%s e e

to maintain the dehanging butrent gomprises changing the ehargingpulse dusatioms or 23

preferably is imersed in t[ﬂehnotheras h@lcéfme rgsemllﬂ{,éﬂﬁmpﬁwmh lh tpuds
cell to accuratel rep

ter n r e
t heugh only one i frngs I*B’ ot m&t %llmﬁ Mﬂgﬁ gﬁ% §£%@1§pg§1§ @ﬁ be
a thernostat, t heavremge rchargingreurrens icomprises changingethei charging pulse surrest ed
to the "T" i nput amplitgdeontrol ler 13. VO 97/ 03489
PCT/ U896/ 114

The controll Eq 13 conpri segnmﬂé?roﬁpgﬁte%fs%\g prgser% mveli]tﬁm the chatrglpgé) 11]3&:
of which cont ai nshaperchargingi pulse mpetision rats aﬂdrﬂlecﬂﬁpr‘lfl Ghapging  the q\@rage

LI ”E&S a{ld ?ln anghai dﬁ cttihﬂhﬁ 8bm gﬁw@ehaigmyshmd:agmg:palseaepemm rate,
ased controller is advan e ery
rapi d deci si ons, store vol f@gﬂg@ %%?Fﬁftﬁr’?e@rgg%%%?ﬁﬁ&?%& 581a1':‘iz1ng’
per f orm cal cul at i prlsedasandepolanizing,pulse BH%% %giod further :
detecting pegks. TﬁtﬂuﬂtmhsngEZ%dq)ohmMgs pu%ecmennpin;ﬂﬂndedvhgu the

the m croprocesso GO Bhi¥edd N9 the dur atlon of any
S e {55 Bhin
char gi ng pul ses, ep ari zi uj ses St &gr 1,0ds a %ség oVl d| ng
10 time references betwe IcasPeqk of isopiesent myep Pgé?éc’a P
peri ods. Thputseshasoa depdlayizing pulsevduration andi the methodcfurthee rmladcﬂ

i npl ement ed o WhdrP ti©Averdge! Bioargig age
or current °B¥“%@§ ?Hr?tcg 6 or mg g“bfggﬂg{;‘ﬁ%dr?z digital m cérggprocess%r

A digital 20 &K BF Iscchanged; scussed because it is the preferred

embodi ment, but an 15  andnosnatber aspecsofithe presant jpveation acnumperaf the t he
plr Fsgtn? alt QVSHL;?[‘ depolarizing pulses fo]lofb Qéﬂchsﬂ%AcHﬁ Qildrﬂie mwma o
illu

the battery is %“*hﬁfe}fécﬁ‘ﬁﬁi%:iiﬁ“ﬁgg t?'g arge | O %l%h

conpari ng vol t age the average&bargnﬁﬁmepme '4%3 i fferent rest per| ods The
vol tage and gsirrent 20 VEe prasent ﬂmnnahlajsc prowidesad methed forachsrging a
process whi ch appl f

foll owed by a restH g‘grf@g Ise cha.\%ﬁg ?kﬁ&ﬁ é%lﬂlgrgl ngﬁ gses
DI - D3, each dep&harsing mplse, applying a r&!%éér"é gﬁ

rest period DWM rEMBpenod measunngtﬁhequlta@ of the battery at a pnedctenmned
conveni ence of Il i GehB the i‘ﬁsﬁ‘é@f ﬂbﬂGdP gaﬂ%econd de gamimg pule,

pul ses are il| ust ated S rectan

h
appreci ated #hat (Waitingdopp;SELOR tres?t&ﬁorgggén?% QBFJQS "%ﬁﬁgf “FFX@H he
present inventi on théiqredetbeminedkpoinsowithin ithe isecend west mOfbe @tremegt%

rectangul ar wavef QfiffErench BRiwéAi HeOVOIBiPecdtahe pRédetérntingd point witlirothe First
limtation, the char in Fw Cl Cl q(ﬂg ﬁatﬁg J)l%(?
wi dth and the samd® E@Fﬁ{ﬂfi P’Eﬁ'{f’ep %&1‘? ﬁ@%ﬁb%ﬁé tfrt]esga
pul ses D1 - D3 ar eestiperio (anldatcamlmtlr@ @ haggig pieee

depol a1 [ zi ng Bl s o8 T e e 2paiel Y itiod ®
limtation. The rest peri od@h%/\f %ﬁ\% 8% gﬁ% slf?rl% 18% ﬁoﬂ f
sane duration onl ydetermining thei @Qndétlam.@fraobmgry eometh qﬂmlql&s applymga
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13 The controller 13 may alter the duration of such rest periods
based on nonitored changes in the state of charge of the battery.
First, with respect to conparing voltage neasurenents taken in

different rest ywgoidge specific voltage neasurenents V1 and pégnisssi118de€ -
shown on the voltage waveformin Figures 2A - 2B. V1 and V2 are
out put vol tage measurenents of the battery tgken when the battery is in

an open circuit co fi ur atiion d r est r.i ods and DWW,
respectively. It I%E%U'%‘T ggﬁe‘fyhﬂ’ yinga fust éﬁﬁ‘gﬁflz%l pulge to the
measur ement V1 cabatterymvtamng tfor ab Esinrash periodjdineasuring rthe ofoltdge &P the

rest period DWL, paeh ghtaﬁ-.;lpﬁ ﬁ%ﬂé@&?&ﬁkdogbﬂ% withind o @ﬁ%ﬁ%&%ﬁé}wd

V2 is taken at the sa relativ next rest,pe q
vol tage | evel s dufsR§upiDe: tm@%raé q@ggmg(yrgqiﬁgenmne pomt
eval uated by §he pritlinrtheifinst mestcperiod, applymg a second de¢polarigingepwse ito the

T ey ol at o "aﬁiﬁﬁl "“ﬁ“ﬂ‘i Pfch o8 63t pGifoth dbferhiffing0 &%’Mﬁ“
hes B e, Myt Bresermingd potht md T Rpltiad st

bei ng not being o
not be adj ust ed. the second predetermined point; angBindicating dbat water slmnldobc age

V1 is greater thaadaéw to the bawéxs/aﬁethv%ffefreﬁ&@ xsilgfré@cue Thah RAepiReferiinadd
V2 in Fi gureéé g!iosld than 10 mllivolts pér cell then the charging

current 1A n ad usted. However, if the dlfference bet ween
V1 and V2 in Fi gure 2B is The pmssaa@emvmnoalﬂq | prostides par mashpd: fon

this decrease in wihiiagting/the dHarging précesYXor wbaatns (T nidthéd bﬁ&hﬂesf i's

charge or mmy be. ARBNATE “Aﬁ*h%%ﬂ?%ﬁmlﬁo sﬁtﬁé,’%ﬂ@vﬁa P@%ﬁ g5} ofleribe
chargi ng current PNSFGP ﬁia&?rfhtwmn@f ofp figt rest peri a@@ﬁéﬂﬂgéhgdﬁltage
Therefore, the chef gthe®attery abta firdt pheddterhined point seidhinabedirghiest peivd,

difference is | esﬁ{éalgﬁﬁnéoth@ %ft%(%é to? etﬂgrbaﬂ%lrk at 8 gecond pr%detemune'i_lI ;ginn% s

a flowhart for d rmn
vol t age neasur ene M maﬂ@ert%amstg:w éprhapg afﬁgqonsiodepqlemmspu 5% t@ﬂhﬁ

g01 the i Im tial bhnega,ngawgafmtersecmchrmt d@iod,hﬁemhg the voltagee bf ahet he
attery vol tage of.Qu e
rating (C) for thB t.ery at P lrﬁeb(ll:%drﬁt?%i ?gﬁﬁhe tﬁ@ese:}md reg‘c %%Pﬁ;dg
char gi ng cur #&nt m&aaﬂﬁnsh@ed% oltags o rﬂt QBC‘FQR A %%‘E“c"éﬁe? point
This may be basedwition thelsemdxpesltqnbhedodemmmmgta first diffeperciechatoden 3be

In step 303 the CQBItéQé 'a?&hé%ix@@?&éﬁerﬁﬁé&&ﬁhﬂg witHif ®hE¥irsi rest penddlﬁﬁd’”t

anplitude 1A to t ter re t _.not necess £ d-
by a rest period at %‘h@% éé’gé/df %Wgrﬂoﬂﬁl ‘ﬁm%%@t rest penO%V\B
WO 97/ 03489 determining a second difference between the veltage 9o the first

14 tozs he pridefénminbd PoifeWithinphe setsbnd st peiiba ahatmerwoltagaeat the

controller 13 | [ p t

measures an out uf’ecm)'lg1 ﬁfe\ﬁ&? g "%\(ﬁ%g*ﬁ{ ’Qg’[l}?g? Q{e %ﬁif:Béd F%gge% e%nd
point in the resttqmmaang the chargipng PrIcess bptla ¢ Hunt épfﬁm&se an @regler
depol ari zi ng pul sthaa tpfredéiermmdrﬂlm‘mwdTMdIthdse(tcﬁd différendeaist gregter Then

controller again yal brede 2ned thresRORE eterm ned peri od of time DW2 and
nmeasur es anot her output vo é&%{; ? t he batt at a ﬁJHeS nd| ng
predet er mi ne® point in the n@bjects, features, and, g _tagqs @

under st ood t hat t freveintiont will thecomeoappayent upon readingrtbedoilowing ahsd:mpniwie
in the beginning, ofigdl ?ref@?reﬁ”@nﬂfocﬁﬂﬁn@owhefﬂ kaked §al c&?j’hh@ﬁo%lﬁﬁ%éong

as the subsequent out pu measurement V2 is taken at the sane
rel ati ve point, %Yﬁ&éapa‘flﬁg?ﬂm begi nning of the rest period, in the

o"'o

(¢

next fest period DW2. Deci sion 309 tests whether the

difference (V1 -V2) is greater t han sonme maxi num di fference vol t age

(VDMAX). If not, then the 15 battery is not yet charged and the average

chargi ng current does not have to be adjusted. In this case

controller 13 will proceed to step 313. | f VD>VDMAX, then
~ the battery is being overcharged or is bei ng charged at a rate

greater than the battery can properly accept.



Therefore, in step 311 the controller 13 decreases the average chargi ng 20

. current. Controller 13 then proceeds to step 313. In step
313 the controller 13 determ nes whether to term nate the pul se
chargi ng process. The pul se charging cycle may be term nated for any
one of sever alwgiofhzagecnt reasons. For exanple, the chacgmssnidsse set
by the user may have expired, or the battery 25 tenperature may be
outsi de of an acceptabl e range, or the anplidtude of the charging -
current A rrayh If a
reason for term%a fﬁﬁ#ﬁﬂ!&g ?fsghgh;)&a% hgroc ss_has occyrred

then in step 315 the cont Fagpee 1118 @bl Ple- é’##ﬁrﬁﬁt of ta batterys gharging caresiilgi ng
process and wi | | used incthet mmtmntiﬁjﬁrgl ng process, for 30 exanpl e,
trickle charging if term &fdt

C/ 10, or the controller 12@&#%@ % &?‘é&?#ﬁ U%Wﬂﬁiﬂéﬁfwfeﬂ 9att?ra)r
exanpl e, if X er nFhargingprogeseangd §9Wt tatg pichargecef the battery dsgeteamined
unaccept abl e. Al Bp cofparingavoleageomeasiirements tanén i) different manknoﬂs of the
charge process may be prog; gﬁﬁetf fs'5 GRFk8En Hustraring, the procetd - of!

step 313, controller 13 deferm re I'Ng Process is
not to be terni nAeEHENINBS th%ﬁ'é%P?é’i‘ ‘}?’P%“Qﬂﬁn to step 303.
WO 97/ 03489 gure 4 shows waveforms which ilR(GTrd©98/

15 s4 a5 B EHE bditd, St UBlefind ¢ 1Y
S €
char gi ng process an kﬁ J t| on J eter . Ln
this procedure, the open 3\%@ ¥at (18P lﬁR?I“P the ML&@G‘ &Enéllggre

begi nni ng and at which Hhidtratest the pree&ssnﬁrde@etmmﬁxythemoMmoéﬂté batfery.
illustration, and not as a limtation, the voltage is shown as essentially

const ant durlng rlod e in practi.ce, the voltage may
vary during are&“ﬁ@?‘i pf'rﬂ“s‘%&hﬁo‘@é'gp er information as to the
condition of5the battery, Teusmmg nowytoftbe drawihg Higurentl is\a Glotk diagramsof | f

the voltage dropg ﬁatterfgrcs:&r élﬂéﬁﬁdﬂieﬁf i 2Rd éﬁ&ﬁﬂ%t indehtiBH. THeCBAL
period (VDI =V5-V arg‘?% D1 1 el e concent@ tion

i s above nor nal Bg ‘g 0 go m@sﬁﬁlatg‘? ad 12 e and
vi sual al arns naj3be dlSdeYt Hat e:xhargmg ciparitd 8« atdisclnﬂrgmg (depalerigatioryn and

the chargi tng Pr oeRERit "FY, bﬁdaéltcﬁlﬁfﬁdt%bh’ito?ﬂgﬁbﬂéﬁﬁdzo The KéypRY abl3 the
neasur enen are

Also, if th vol F%ge%ﬁ%d‘g%?g ?‘t& {dgﬁﬁﬂf tﬁ% é’?ﬁ% 135*58"%%‘”5 thetﬁ%e tﬁ’d of
one rest period MpntApgcificd patameters Sugh asrthe dhattesy yperflead acid, Wikedst han
sonme predet er m nMNIMIpert) ﬁﬂﬂ) cbtheirlﬁreléﬁvaﬁﬂdnformauoiil;)isuwmnunﬂdbaﬂm-y

vol tage neasur engg rﬁ{ﬁ@,&?%%@l&'%@@ﬂ Tﬁgkeyf)&ﬁ ay ﬁ‘sﬂg&k}]ent
rest period (V7 ffgﬁ& es}{)ﬁg Jﬁe&g&& F‘fnaﬁ@d:e for §r%§ﬁa g&g HiQ) yi/g

are also differe
and VD2>VD2ZMAX) , Tbhcslmphtfy operationsdibyatthen user, the heontrbHebal3 emayi i benot

properly accept | Sfffﬁﬁﬁ HRd, e
shoul d be term ngpgtr é&l‘%vﬂ'ﬂ‘ihé Bﬁfﬁﬁ%&% fi%y plgg;z;fbg&gm rfWéQ T

illustrating a v ?zﬁ??%r{thusteﬁ would S‘“EJJX ﬁ’l’i:t#ea(%ﬂ‘a?lt i on
of the battery. mumbpr,cansthetontroller #3gwpuldsantomatisallycuse the paramstersess

of Fi gure 3 excfﬂéprbpﬁhtesﬁﬁﬁhﬁpﬁattery typéeFI"h%Cﬁﬁ 18y ellltsté?’oml%aﬁéddﬁﬁih‘é"@" 513
provi des an_expl ana S | S|on
313. In stely 5130 ‘ﬁ]ﬁgﬁ@@%@l‘* léoa“an@é&y?nﬂ%t é’?@gﬁ{a@@% \)‘fihggﬁ

are taken, and Vbawe@b £i%y Eorcthe operaton/@nddnevm for augdibler andhwisible

I n deci sion 513Aa1ai1hg di'cméﬂgtfbpthela eater m nes whet her the vol t age
difference VDl is greater an r n e
VDIMAX. | f so, then in stgty%l ﬂhg?t&tm& P@éélmégl 18 goann%g&fletgiﬁxgl arm
to signal the op%h%fﬁéﬁg {CATGIaH aA'E“’fEatC!fSP&t zl dP{"H@ es a charging
preferably 3serm aatrénst tohthe buttegy 11d. pDepeasding iponcthe dpplication dthei chiaoging
513C the control Lt fei £ PS5 VoatiBared By tfe Whffbfer ! ¥ Moperform as a

constant voltage source or as a constant current source. The "D" output
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16 predet er m ned maxi nrum VD2MAX and VD2 is al so greater than
VD2MAX. |If both conditions are net then the controller 13 term nates

t he charging process. The controller 13 may al so signal the operator of
the term nati owoshbsasot then the controller 13 returns to Stma/dseé11466 5
In the present invention, as descri bed above, the charging current
may be adj usted by adjustlng | A, by adjustlng the duration of the

h | {1t h h | b
i ust ] ng the: nufRSEotnifier, 13, i RohacotRR thoke, dischafeinn (potetiation),
adj usting the duﬁéncllﬂnl @f which ma)hbe econfigured rbarsthepmntwuem to MDvideld
DW2, etc. Prefer @bh&tanﬂﬁépblﬁﬁﬂaﬁdi@bﬁrr@ﬂt € theStittery 130kapp Qsekb@d load to
d | ari zi t
ad) usting the dui .t"c?h‘%fﬁ?d‘{lﬁ 'ﬁggﬁb’“ﬁ §°"k%f Bﬁ#@é%%? g *8 gV aibgbe, b 4B
number of depol abRiERGlby I'Ig@splb‘&\ﬁé pHseprayided lé circuits 15 and 16
Ast ﬁn eéagrz)l e of atdreontrolled [byo ﬁmeont&onemzeam@@u st g cﬂé'rgmgbéirélﬁiy
Wi a anpen o
mlliseconds, rrEB ;Ss Qﬁp@fﬁbﬂ&%&f%ﬂ%ﬁ# lés%og%@e%t@ cbﬁe Bﬂ%ﬁve termméi/‘\z
are 12 nillisecofRfidhe Hﬁ'ilelfyh ﬁ’é%)@?ﬂ@‘il@ﬁf R4+ eThs negativentermingl ofsthe battery
(approxi mately 21dharapmnpotedeto pircuis eroannd thﬁ)mghczh cufreht &ﬂi@n%ﬁﬂig’iﬁéslstor
charging cuig ent 20s @ufrrd BHATe 9@1&9% du’ld 1 %tf@gyoceg&am&eg&% be MY

d

H'

not be present. ul se

npl e
t er mi nat ed when ﬁ?’%@?‘ii}w dRSAUTINE (ﬂ&‘? r‘Q*‘Eag&r g‘b@sﬁot hg. eurrent, menitaring
(0.1C). As anot heesistoan®0 eon f condudten@2ci il'heeamdnbanbnnyrm/gt Fesisto? 20

anmper e- hour rat ' et
ahrg t he dﬂratlohﬂg:;}ré%ﬂd&lé as %0‘91 %S ﬁ?d ?Hhéggerage g?:o}nr']se 25
current 1s 60 a

uc
g)_[bgdgseﬁé eimlﬁﬁl@geﬂhﬁ\’%% process Wi II
be terni nat#d when the avdilatgsrycNaltggaglscmomtmedrbpm-sﬁuﬁganlmevettage

Consevuti ve restgﬁt“ﬁ"’? °°“&%E‘Br mm“mﬁé‘f{ﬁ%@ R, O ERoBI O e eae | of
Q s thﬁsv tagg hefween |y s-

I ndication of th
met hod (1) al | owsoRgugtgrsngltand B2; s by asubtragﬁmg yheoltagei on condagton23 ds
hﬁatl ng of and dfiongthe eolthge batdoriducidy ZTh @hdﬁ@tt@!'é 21 dnid E?ﬁ}é Beskcted
chargi ng orypver e R

nodi ?l cgt | ond)of ﬁ:g{eghg?gl ﬁagf éxﬁ)uets s&n@?ﬁﬁ%& éﬁ@cﬁéﬁb‘ﬂﬂe : t he 35
battery. 1910 DERSENCe pRiaye bebdetermined by activatingy the

vol t ages neasur edharging citouitrih bvd mowitdifg thideutpire Dfithe ichyt maohitcrinPt SO
limted. The resi%%{'g gﬂghﬁgﬁé if Bfade AR S héRns By bRvaRIP BRIt Ve

or non-
PCT/ US96/ 11466 disc argmg cxrcult 16 and monitoring the output of the.gwerent i ve

di scharge rZst pmamumn@lreslsmrez@nctb detpanmeeaf bharzecbarrgntids flowingpbyse.
For exanpl e, E)\/\Znﬁﬁgt% téeg%e ff
Further, the depgla 'zatlsfo b‘hfl na have tﬁémsarre agd 16 ’&}Scﬁ@ge or may
have different affpffiift Wv@??ée depol ari zation pul ses may
have the same duration or 'Ir'mlypmwedsensmrem monitorgl dhe ttemperatume aefdthe on,
the rest periodsbaferyhBl got that e Rofltioller 43 &in adjust ﬂﬁ@md}gaﬂﬁ:dé' hixﬁ{&?t

d b
Goscri bed vi% 1t Beionof gf%%ﬁ%%'?%&ﬂ Bk ABATDRE il B
batteries, the plestion of the rest psriods msomﬁr %bmalmatmdhemlmdebaﬁery

i nvention is al sempefatiref oTemiperature sensoy 23 méfd?ablyevis dmmésed ety e,

Ni Cd, N MH, nickg I
oxXi de l'ithiumion- H)BR? thﬁ:ﬁﬁ% oﬁgﬁc@h baftel(')y Céﬂ téf%]ccé‘ﬁi&%lgl }gbbmﬂl@iﬁérﬁm
It will be appr cbaRTYOmpRFARTE, ANEDhoush ewly ppe e fhown in the drawing.

35 Temperature sensor 23 can be a thermostat, thermistor, thermocouple,

or the like and is connected to the "T" input of the controller 13.

()




I nfvention provides a nmethod and an apparatus for rapidly charging a
battery in a manner whi ch does not cause overheating of the battery.

"It will also be appreciated fromthe above that the present i nvention
provi des a nmethod and an apparatus for charging a battery at a 20 rate
that the batterygoefge@ccept w thout damage. PCThSIsIIES Nt

I nvention also provides a nethod and an apparatus for determ ning the
condition of a battery, including det eé2m ni ng whet her water shoul d be
added to the battery. Froma readin | pLlon
above of the preferred 25 T’é%ﬁaﬂﬁfﬂﬁﬁ{ %gfc‘? f'ﬁé%ge@fgﬂﬁ{%éﬁgg%ﬂﬁmﬁéfy?
modi fi cations andatdedshipashef which contaias ©pessting énstrucsions Jos the jcontrelier
the art. Thereforq3, tingerSCoRE® afifanfalsl-to-digitdl' copeeiter."Usiig ammicroprodessor-
:ch-lrt} bgg6?2|1Z6gy t tI]J%sec %'orlTl't;ro?leelr ci\s'(v'advantageous %Qaﬁzé QIBéﬁgr&pgcl)%%ssor can m
claim 5 5 very rapid decisions, tere veltage mpgng@t gne!ggumggt @q;pfpp.p i ng
the steps §E'rform calculations on datappPduchnasaavérapinglo comiparing)i ahd

Firat “depol ari o1 nepotiog, petis” PhéSufdts] Gtct cap,be, dissrete of implefBfited 69 ©

firrst depol arizin .
peri od; the micropraesssar; imay theeuses dag @oa?roﬁmgi the (dusation ;of; any
predet er m ned chai¥hg tpulies)depalatiginig pulkes, ettresieperiviis as well as providing

cae! 2p el
appl ying a segond depolarizin e: . s t :
second rest @r [ Oal,méiget%rences %GR%&‘ coneLY, H?’le,rge PP hagl z\}ncﬁ; P 5‘5% odfrt}g?f gérll)gqs'er y
at sai d predet er milheganalog-topdigital gpRygrters whichagnbe discretgces yyplemente
deternining a dif iy tHecibRiptecsss6nimaydhé aged ad comvert the volvage er eunrremtd

point wthin said_f] . | airl Wedi1.A08: ' .
pr edet er mi ned poi & él{/ﬁi% Hflﬁ_&éamggaﬁgbdrb gstﬂé er B‘E ?ﬁéﬁg@@é&sqr' A digital
i f said differenc&ontrollegds sisqussed i’eﬁﬁ%iteﬁnélﬁ&refm gBpdiment, bytan
decreasi ng sasd awaakgecortroligrmgay alsodbet used to implement the presentZnventiore

nmet hod of Cdaim1l and furt i_5han t s , d
steps of applying said. ur { NEfgurDASB"thdW Svaveforms WificA JRuSfAR! A Matksy

pu ., _applyl sald,25 first and second
depol ari zi ng pul sSRATGIRE PIECESS, ang; EOW rtEF é&i‘ge S@flc.&l?arge of tﬁﬁgsatgﬁwl dis,
and measuring sai determingds The Istate ofi chdngesis determinednbly comparing voltage

peri ods. measHRRénfd3dREn in different rest periods. The voltage and current
PCT/ US96/ 114

. . 9 .
5. A met noddf or YAERRY senealy iy chorge REocgss yitich applies,pne or
appl yi ng a char gi myoreutharging prisescK’l o peefgnablycfollpaved by a resiopepiod CWI,
Cur[ent :f > ¢ and a glurali?gPBf)dbﬁﬁla@izhhg pulsés D1 arD3] eachpdépslarizing pulse
waiting for a fir re erlqd: L b N e_v e
of saig battery a?ﬁlol br@g’gtgﬁi?%bdy followegoibm %Ml:teﬁfﬁ?eég‘i;% ivylsit “rest

peri od; respectivelyappl yi ng a second depol ari zi ng pul se; 10

wai ting for assecond rest pefarodonvenience of illustration, the charging pulses and

depolarizing pulses are illustrated as rectangular pulses but it should be
appreciated that this is often not the case in actual practice and thus the
present invention should be understood to include, but not be limited to,
rectangular waveforms. Also, for convenience only and not by way of
30 limitation, the charging pulses C1, C1' are shown to have the same pulse
width and the same charge current amplitude IA, and the depolarizing
pulses D1 - D3 are shown to have the same pulse width and the same
discharge current amplitude IB. Additionally, the number of
depolarizing pulses shown is purely for convenience and not by way of
35 limitation. The rest periods CW1 and DW1 - DW3 are shown to be of
the same duration only for convenience and not by way of limitation.




appl yi ng a subsequent depol ari zi ng pul se; waiting for a
subsequent rest period, nmeasuring the voltage of said
battery at said predeterm ned point within said subsequent rest
period; 15 determning a difference between said voltage at

sai d pr edpiresdgd ned point within said first rest peri opcEUSYsSa6s
vol tage at said predeterm ned point within said subsequent rest
peri od; and if said diffesence is greater than a

predet erm ned thrgshol d t hen decreasi ng sai erage chargin
current. 20 The' Controller 13 may al?q{e{hﬁeémglo&fo%%\fhges? %ﬁ’égg o
said charging  monjorebchanges inltihe giatgyopchargecfrtheibatternd sai d step of
Sﬁg : S?ﬁ bng ulsgled aver ﬁ&tCWlﬁl'fégp&!tr ¢ r&o:ﬁﬁﬂﬁﬁgseéltﬂgé rrﬁ@éddi*@m‘éﬁtsj
ar g ng Bul Se deben el i poriods, spesific yolage gonre %gi"’rigb 2 V2
current anpl it udeargrshosen andhe yolinge saveformndn Figuress2h o and Va2 grang
ggrr_ent conpri seso@ipt 9¥0HhSE nidisdréientsioTdhe BatRry taken GHehahé batlhy e
char gi ng puﬂeol??g's c&rcllﬁhtg % ?ﬁé’é%‘@b@ rgefﬁrpe}hq\'&g Wi iﬁg "XE of
decreasi ng said respectively. cﬁai“% andesstood othat i the sfisy coutpuit nvoléagel

chargi ng pul se measﬂ:@ﬁﬁnttvmbahabe maife in the begmmﬂg? ﬁﬂd&l§489 end of the
PCT/ US96/ 114 6

7. The nethod of SrCP%“?rg q 1r’ <t l\% a8 tﬁegggﬁe%u ke outp °&‘é‘§8| s%Llr%me BI se
has a depol arl ZI nY 28 taken: gt Fl@n%alﬂw ative Poiniiin the nemeﬂemm@apa?v
further conpri seSvdsllt@gestlevelsf ddriagersi r}g:ﬁ@dsi DWI - WGI are mevpuped sahd

current anplitude \)’%‘?ﬂﬂﬁ% g9 current I s decreased.

8. The net hod o g%ﬁé%rel, n eac&l gl!p ‘&Eﬁol arizjn uI se
has a depol ari zi ng pul se ddRATIZBIE 4Adt fhasen that the voltage I‘FERP"P&W :
conprises thi st eqyual tdehe eadiagg ¥2i This ppproximaty equality mWOltagsrmﬂIMeMen
sai d average Charfffaf‘ﬂn \ﬁtﬁ?} is Beiﬂ %%‘ﬁ% overchar% re, fhie chargﬂ“?%es

met hod of C ains epo? ari zing

foll ows each sai oc‘h"ﬁ%ﬂt ?EPQE ﬁgjqﬂféirel sai d met hod further
conprises the step of decrdnsﬁgg&’lﬁdtlsmebmthaﬂﬂlsanodtagé V1 isegreateritham the

pul ses when said @M@éﬁs ZChH ﬁié‘ﬂlfféi‘éﬁ@é‘betvﬁeéi?“ifleﬁ&wz in F1 re 2B is less

nas a depol a1 VI i 3l dging curaf O A bréd BT

Cl a
has a depol Zi n@aﬁu
sai d average charaginstedureweven if thesdifferennecbesmegn X1 anéé(%umEpgnrarzlhmg

pul se duration. greater than 10 mllhvolt’sjper'ﬁéﬂ fiehhiith @écréhsy ﬁiivdltég“e ﬁobimi ein

g?gg z?l ge(r:(razgm n& VZ%&C%E? dﬂgﬂ@@g@&‘?ﬁ@%%g@{ﬁwgﬁ%@@mﬁ@ h?r?%r easi ng

sai d rest period @sthe bajtgrytregehing a full charge or may bg duetpdh being
Caims 1 or 3 wheisdble ascitcept the full charging cngenulAeforshé Qldraumi olﬁ)Chfor

number of depol arypafdyvil} PisyS:  Firefore tH\é‘e&Fd |hrrdBPIR" SHBRIPAN N9
said averaging C[}q?gcg asgedCur 1K rencerljgj ess than 10 millivolts per cell,
depol ari zation p per ce
FIG. 3 is a flowchart for detenmnmg if a battery is charged
by comparing voltage measurements taken during one or more rest
30 periods. In step 301, the initial charging parameters are set by the user,
such as the battery voltage or number of cells in the battery and the
discharge rating (C) for the battery. The controller 13 then determines
the charging current IA and the depolarizing current IB for the battery.
This may be based upon a look-up table or an equation, as preferred.
35 In step 303 the controller 13 applies a charging pulse C1 of
current amplitude IA to the battery, preferably but not necessarily
followed by a rest period CW1, and then applies a depolarizing pulse D1
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21 13. A nethod for charging a battery by a pul se

char gi ng process, conprising the steps of:

appl ying a charging pul se; applying a first depolarizing
pul se; 5 WO 97/03489 waiting for a first rest period;, PCIUS96/11466
nmeasuring the voltage of said battery at a predeternined poi nt
within said first rest period; appl yi ng a second

depol ari zi ng pul

measuring the vol?f he b tegac:g;?gﬂlt amp 3? %@ﬁﬁn%gs&ﬁﬂ% ij
within said secoﬁfﬂl g predstermined penod éeﬂr@meﬁm&sm ‘PEF ence
bet ween sai d vol velagetVbaifdthe batterypatdepredeienmingd ipointiin the resti period st

rest period and gnq gﬁ g5IE 184fin applies RﬁSﬂ%&dde;deiEﬂ g ﬁﬁl \é"f).b.' 6‘f sai d

second rest erlod an s qQre
than a predel er niCHEENE jtydg IB to theth?&?rl’ e?ﬁi%&?ﬂﬂ@ §5,agag{m@gt r‘bl ng

process. predetermmed petibd df timicHOW2 and de¢asurésnamghéheutpandoltage of

ghg?tgf ﬁgypul o 1 V28 Eﬂ&j QFa%to?fe%pSﬁdmﬁopredetemnne oint m"’l??!se%féd‘rﬂi a
depol ari zi ng pul ¥&st tRS‘r%OQa gt t ¥;should be understood thapﬁl“v\g-ﬂt PPBP’Oléagq rst
rest period; measurement V1 cambasmadmgntthe begiriming, nfiddle abrtﬁmi ef theat a
i o 1 STRCMTTEOTBING 7 0 it G i
within said fi rsfneraggfe% i€ ke of 'the Same relagla'& 99&5 &
depol ari zi ng pul beginnirgxofl thearese pgriod, in the next rest period DWZ.I ng for a second
\r/glst aggr e?d;sal dfirst 30 Decmxon?ﬂ?fe@ts“@vﬁ&h@r thef gt hARYS ris}?ézfier
second predetern%l?f’éﬂ SO ax%nur diffmrence ggltage wﬁm %é&ﬂq ence

is greater than bhapentis apmye&cthalgeds laoddthe averagm@hargmgcmrmty dmst notit er

shoul d be added hgvéd Be ‘adjuistéd.- In this case conti@e?ﬁ@o@ﬂﬁﬂroceed to step 313.
PCT/ US96/ 11466

15. A nethod for term nat |lﬁv?ﬁX%)§f mf 8@35’3‘* bsrbe(;}ng °"°’°‘B‘£$‘?‘LP§/‘S
conpri sing the sbemg gharged at a rate greater tham ghe \hatlgry canaprpeglypaceapts o
said battery; Therefore, in step 311apel sontlierf13 décrésses! the i aviepdpepchagirigo

sai d batter%e Voﬂm‘ent ?ontrogegl?’zlheﬂ W?ée%§?o§te'bsj 13.est _period

measuring t age o predete oi nt
within said first rest perF‘oé tep e3 the controiler 13edete H%H‘Vgpfaé)e
said battery at terafinatecthe pulse pharging process. [Idienpulse tchargmglogcfe may beest

period; 10 terminated f(ﬁ'pév%iay bﬂS of ﬁ%?ﬂddmﬂhaféaébﬁ@ By Sécaﬁﬁblé afi

battery seco rest

nmeasuri ng the voFP%‘@éngf“g%ﬁ cfef)a‘?l’ YSCL |y shave exp ‘Eﬁded‘é’,f dhfi hatteryoi nt
wi t hi n sai d25ecotainperaturpanayde outside of an acceptable mangey omthe: araplitidesnfe of

said battery at ﬁlé&fﬁgﬂlglélmntﬂﬂﬂl?ﬁﬁ‘!ﬁﬁﬂe'%n%ﬂﬁéed‘td Gy10 sRiddssecond r est

pel’l Od etermn I I’.St nc et vveen S
vol tage at said fi rsl?aﬁmt "' € t&bFWI'i{i gl?ﬂ'r %eﬂqs
period and sai d ooturze@ then in steps3ly tbemrqjleédbi avill ﬁ@mmtmthwpulam

E alt d first rest | Bﬁéﬂg@ﬂ' process and will switchete® {aﬁdﬂhélg chafgifig nprabeks, ef@nce
e 2Rl skl L iy a6 s S
poi nt within saith k3 will stop the charging processpngm ¥» E‘é‘
first differ enceexanpteemt wmﬁhaiomlsau@iese time kak expired or the temperature is
unacceptable. Also, a visual or audible indication of termination of the
charge process may be provided to the operator.
35 If, at step 313, controller 13 determines that the pulse
charging process is not to be terminated then controller 13 will return to

step 303.

p-!
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threshol d and said second difference 'is greater than said predeterm ned

. threshold then term nating said chargi ng process.

98 01 2 72- 7 23 16. A et hod
for charging a battery, conprising the steps of: appl ying a charging
pul se whi ch prwoewesass chargi ng current,; appl yi ng a denalsedritaésng
pul se which provides a depol arizing current; waiting for a rest

peri od, measuring the voltage of saix battery at a predeterm ned

oint wthin said rest per ap a su gugnt . depol 2| ng
Bul se; waiting for E‘%Ssg SROWS ¢ g’?&"’ p‘"ﬁ‘ 1ﬁus%§2 terke
vol tage of said Eherging P&Q%&lﬂlddl@ﬁéhélcmdmmof the battariyris shtei‘rmnbd.ednent
rest period, thls procedure) fe dpehf éﬁeencsatbétvaana 83 MRabERA at thai d

pr edet er m ned poiya E &égétgm;ﬁgé%qﬁeﬁe rr nd sa.l Hgﬁaconvemenqef ogal q

redet erm ned po|, nF""
8| fference i% gr@&'ﬂ%?atl%m polcaadimitationt theegnhage umehown(ﬁsmcngaﬂw d

dﬁpol ?rl Zi n]g cur constant difing a Aesep él@ddr fOHoW%% 'iiﬂ ?aé%bt gié’voﬁﬁggrxhﬁ#q
the steps o y

currentIo r}éflﬁgﬂgﬁ fh%t%eﬁgﬁa%éf] §£’ ges fu 5’% oM gsdf

vol tage of said G8R the batery: espa for lﬁadanldlamdsHlGdfhattsnes.eslf
peri od; afie yoltgga diep@ll:grrmeghm |aSpréﬂét6i'hnﬁé@\HIﬁlﬁﬁlt3dﬂ‘i‘ﬂQ|aafés¥][ Eg
current; n =

vol t age of sal d a%l{olgr Q\thﬁisgrlsﬁ?f%ﬂﬁf rm ned gﬂﬁ%e\n gﬁ'fln tgsngfl%qgﬁgl Yent
rest period; conc CRLY ragﬁc\‘!a‘l?étsh@@]d beadded fa theebatteryai d
predet er i ned poidiblet and \sanal dlarms magt b@arseddtoaaltre@hsl operitegaoathisai d

e anne s oeah Mkt e CIRHERR YRR Tk ATl rpiphlge” ©
east one of t hel RUEFERInghE Bssurements aaecm@ 3 aal AR
i ncreasi ng Kai d BW¥dl ari zing current, terninating said charging of said

battery. Also, if the voltage measurements at the beginning andAat
REPLACEMENT SHE l‘té‘ et by
g a

met hod for char gMifgSRd 590§ JestREFAd (VA and V6 respestively) are di
charging pul se vxmqm pthan deeme cpredgtegminederamount (VDElp:N&-N‘IG aand

depol ari zi ng pul VDWDQM?AW)' 46@ tie QBRQ s ek BRnaHtS ‘iﬂdhebbe inning A4
bredetermi i pesieng ?%Pr?“ﬁ?@ws%i‘?ﬂﬁfsﬁ%@ (v74RaVe, Bip v%y %rﬁf?cmcia' A
of said battery wba respestiyehy o ke mw&ﬁrpm by mﬁlthmathd preéete;mmeﬂj
applying a subseameunt WMWTN&MHW%VDZMAWW&HWHE% aR ﬁi&?@ﬁi&?”t

b edetor i ned pol2f E HRErds gﬁﬁé@%ﬁ%@@ g hr ol thefsfbd fg
t he vol tage of s%hadgglaﬁl’mssﬁ Gﬁﬂnﬁ’@é@fht erm ned point within said
subsequent 25est period; Figure deisemﬂmmg:lmﬁ iillastratihf ed engfathni \wfethesai d

~.

Vol tage at sai d BoCEss RE %’?i‘?“ﬂﬁqag recditibh e tﬁ%‘%’? b3 T pPGediR P! ¢
det er?n ning a se% $$ Hr‘%"ﬁﬁﬂ pxggﬁtdﬂqqtrsg@ 503

replaces step 303, and decision 513 prov1des an explanation of some of
the termination steps of decision 313. In step 513, additional voltage

30 measurements V5, V6, V7, and V8 are taken, and voltage differences
VDI and VD2 are determined.

In decision 513A, the controller 13 determines whether the
voltage difference VD1 is greater than a predetermined maximum
difference VDIMAX. If so, then in step 513B the controller 13 initiates

35 an alarm to signal the operator to add water to the battery and then
preferably terminates the charging process. If not, then in decision
513C the controller determines whether VD1 is greater than a



predeterm ned point within said subsequent rest period and said voltage at
sai d second predeterni ned point within said subsequent rest period; and

if both said first difference is greater than a predeterm ned threshold and
said second difference is greater than said predeterm ned threshold then

perform ng at {weaghaee of the follow ng steps: decr qsuRssfifdsd
charging current, increasing said depolarizing current. 19. A net hod
for charging a battery corrprl sing the stepg of: : appl yi ng a charging

pul se whi ch prowd acha .curre for a first rest
peri od; M@ S} D%M@Xbﬂﬂbgtls adlspy greater than
pr edet er m ned poMﬁ’Z i nif; &ch qondmonSeme met the; the controlleedSulermndtee -
vol tage of said Iﬂaﬁbl&mtgueg pmmﬁormdoé@ﬁﬁélwrmmﬁﬁypﬂkak il thé o beSt

rest period; e RGN T oPHIH'thé BHBilL 73 HBhiEhs B S s

depolar|2|ng cur Fen
wai ting for & subsequent rBstheppresent invention, s adeseribed tabevepthmdmrghl§al d

battery at a fir strrpntestaidienady umdmymugﬁﬁglm gylaq &5 bt i od;

G Chin oo é“iuﬁiéﬁﬁéﬂ}é’? 8 Qz?ﬂﬁikif?ﬁ% ko b

r-»l'l-’

et} s of eagfﬂ#rgyfg BiPE e
bet ween sai d vol AANSURE the numberser @eedwﬂt;ﬂmtﬁdhepiep matllmnrplﬂsesddrlbyst

][est peri od and ad]udnnglthathrahoﬂ&iﬂioﬁ@‘é@ﬁﬂoﬁrSﬂﬁié?i'é‘@t b t D said
irst rest perio 0 eren et uee a

vol tage at gg.l d W& eé(r: edg?éeﬁ%%ydrwg?%tsﬁg\n @ﬂ? g“&% PIER B @ﬁ{“?‘i {he
period and said Ing CYEERt %ﬁaé@]‘kﬁ butadousthnm IBaiby
Slﬁbsequent dr est mnﬂg thedduration of ’theb@b oh@i Bi §esdld°rfl%‘ QAR ﬂfeﬁat er
than a predeternj, rea r than
sai d predeterm ne %&ﬁﬂﬁ#@f;ﬁ ﬁ%ﬂ@#ﬁb&%%ﬂ%? 8&%@ tJSF the follow ng

st eps: decr easi ng ¥ @ﬁm‘iﬁﬁ’%é& PgﬁYe prorassafor leag-acid sealed
depol ari zi nt§ curbattery withra 0462 ampem—ﬁonhaatmgﬁccﬁﬂ) 623 IA He 24 ain erestbr
The nethod of C FS(D“xﬁﬁhsé&md%B IBOfs 5 e V%raz ﬂlﬂséj:zﬂ&%a%a ﬂﬁv% e has

a depol ari zi ng nt. erei.n sa f f~rnc S|ng
sai d depol ari zi % nlI[’ gg)c?@g §i AR EFﬁgetéfzm 138 éP‘F BRnrlse
current anplitu pprommatelyrﬂecha;-gnopulses Penisscdnd) is7 sudls that fie Weragen a
s?l d dfepol ari zi n@@gh%ecm&nﬁlfgpg Qﬁgéﬁgg(d%hgq ﬂg atcwj}cmhgls 3 rbésal d
step of inggeasi | | |

depgl ari zi % pulljgl %Fdﬁlﬁge Zélﬁ'ﬂ M&ﬁﬁf‘dgﬁis%ﬁ TEINEPTOESss "l’Bl?QF" 19
wherei n a nunber eﬁmf!?éﬁj th@ra!qrnge icharging icurteotsiraps tb 010623 amgpesess e
and wherein sai d0s1€n s anot}msem;slal forl@eaduatid Bealed

S
i ncreasing said rlz nethog of
Claim1l6 or 17 an urlgﬂ‘grﬁ?%‘%@@ re%sggqtﬁﬁbﬁ]?i?sdagéjgs
difference is grj;g pration, of) thy eh@!fg@rmlﬁ@as suel shat the average charglng

26 25 current is 60 amperes (about 1.2C), and the pulse charging process will
be terminated when the average charging current drops to 5.2 amperes
(0.1C).
Comparing the measured battery output voltage for
consecutive rest periods after depolarizing pulses gives a better
30 indication of the state of charge than in the prior art. As a result, this
method (1) allows charging the battery as rapidly as possible, (2) avoids
heating of and damage to the battery which may occur with continued
charging or overcharging, and (3) allows earlier termination or
modification of the charging process without overcharging of the

35 battery.
Although it preferable to use the battery voltages measured
during DW1 and DW2, the present invention is not so limited. The
battery voltages may be measured for any two consecutive or non-



24. The nethod of Claim18 or 19 and further conprising repeating said
.Steps until both said first difference is greater then said predeterm ned
threshol d and said second difference is greater than said predeterm ned

t hr eshol d. 25. The met hod of Claim 17, 18, or 19 wherein said charging
pul se has a chygdgsspul se duration and said step of decreasp@gupentiss
charging current conprises decreasing said charging pulse duration. 26.
The nethod of Claim17, 18, or 19 wherein sg d chargi ng pul se has a

chargi ng pul se current .a |Jt de and sal.d st of decreasing, said _chayging
current conpri se<LHPSETHE caarngg Teptp ﬁ#"-‘%’eﬁl@t}?qtéﬁpa g @gehargingy
The net hod of C qvﬂsd?FoI&:xmmpthDW@r mnml}W3dmalyabglusedpuf PWHaand DW3
chargi ng pul se regpgy bbiRBdrate and said step of decreasing said chargl ng
current conprises decreasl ai d cha ul.se repetition rate,

The method of Claim 17, f} gﬂi‘q’gtﬁﬁeﬁ&%ag‘é%ﬁ?ﬁ BRIFSS amay h@"ﬁuﬂ’é’esﬂ’a@ a
depol ari zi ng5pul srmpl]tu(hu oannla}t ubleveandifferenti ansplithdest hod ikemtise; the
conprises the st oMriZAtionCHaisEo WeitR! ude
R e S T g
18, or 19 V\,herel y!

duration and \Ahermay\hauemﬁetmdumanser conprises the step of decreasing

28' d d$ﬁol ari ﬁ' 39 ]pulclse dUMﬂi hmwffédﬁtqméﬂhaﬂ %&'B de%c Beae@ﬁﬁd
e od o .

depol ari zi 23 pul ?@gl?gﬁr@ Wéﬁbﬁ"%%ﬁca @népaeﬁg '§%‘ fza tﬁH@FelﬂP’F PIpsent

met hod further cdnyentimsisines so limitgd. dEhe preseniginyantion dsralso usefulfod other

depol ari zi ng pul 39pes'bf batRridsC fer exdpR NFTd, NEMIECARRER ton, nickel-zinc
REPLACEMENT SHEE

The net hod of d ai Ir%eigmﬁ7hﬂfgm'g?eti]9 D%ﬁ%?”eywné@cﬁo% g?%;alr é’%‘fdﬁje??rbaeﬂgé

rest period dur atleasha %lﬂdet%erel n said step of decreasing said charging
c]yraent cg;msllges i ncr easi tgwdHi Ber re@ﬁite@Cfrdﬂf fthe%o\;e l@%at theTf]tﬁeﬁaithOd
o aim _ | i o

nunber of depol arlﬁ{z’%rgé%%gé gégaaﬁé e@'e(pﬂﬂgaﬁ%érg pfso S TRy @Ve‘iq éﬂl%él
char gi ng current baspF s adnanner subichgl @gm@tﬁaqurhempﬁthezham pul ses.
33. An]c appar alt us for chaltowily ak&hét%?clm@ﬂmmﬁi fi above thatathé e enty
circuit for app tﬁmc to
sai d batter§ ihih gjﬁsﬁa@@g Clrcul tqbf%;ﬂ ;oggﬁgi%g%#h?ﬁgk
pul se to sarh batr?'@rtya t@?é'g BCSERigWIh a g a depol ari zi ng pul se
current anplitude and a deFhéapresent mubnnodualabl providesl a methodaand an

gont L ol | er funct ig BQ}AMSCP@P%t@ﬂnhﬁ Hecgﬁl’itﬁ'tﬂﬂl Cdfr %.u'tﬂatfégg xﬂgﬁﬁhﬂg
ischarging circ fer{fﬁr’é}%gni‘ﬂﬁi% 18%@@(&%@ tE}F I T¥-o0l | owi ng

di scharging circ
procedur es: (a) oﬁxmnr@r%dmgctbﬁﬂm description above apfpthe preferredi ng
pul se, 25  embodifiifti 60 thei predent! fiﬁﬁéhtﬁih Ch{dﬁiﬁbahan@p&id/ variations

depol ari zing pul hereto may occur to thogx,akllﬂleg m%e art’ efﬁer% ore, ﬂie scope of the
present invention is to be limited only by the claims below.




measuring the voltage of said battery at a predeterm ned point within said
‘rest period, causing said discharging circuit to apply a
subsequent depol ari zi ng pul se, waiting for a subsequent rest
peri od, measuring the voltage of said battery at said

predet er m ned R@ionhssay t hi N sai d subsequent rest period, PCT/US96/11466
determ ning a difference between said voltage at said predeterm ned point
within said rest period and said vol tage atjgsai d predeterm ned point within
sai d subsequent rest period, and . i ncreasing said

depol arizing current in response to sai dQﬁaFF@rence bei ng greater than a
predet erm ned t hreshol d;

28 (b) WébkRime9 said charging circuit to apply a charging pul se,
waiting for a first rest period, measuring the vol tage of
said battery at a predetermned point wthin said first rest period,

causi ng sai d5 di schargi ng di.r cuiA methapfdrchargimgod bafteryn gompirising thei stepsy f or
a subsequent respfperiod, nmeasuring the voltage of said
battery at said predeterm ne oint Wwthin sajd syhsequent. .rest period,
deternmining a difference @é’ﬂiﬁ&g ?aicﬁnawgagﬁisﬁt ngFﬁqug?‘%rarﬂ R¥ETAES nt
wi thin said firscharging purteatt and sai d vol tage at said predetern ned point
within said subsequent re%prﬁhg%jﬁrs@ﬂé?olaﬁzmg pulse; decreasing said
char gi ng cuie(gent in resporwaeiﬁtn% ai dfilds't fﬁrenc%ébel ng greater than a
predeterm n t hreshol d; t?)g)a & sﬂeﬁﬁ) aid charging circuit to
apply a charging pul se, measuring the voltage iofgsaid rbattefryratt a mredetprmined
measuring the vopbi#svithinssaiid fi?8( feSf perddd;2 predeternined point within said
first rest period, . i i.d. di sgharging circuit to apply
a depol ari zi ng pul se, aPl?'?’mgaS%%@ﬂp?P‘ﬂgﬂF'&g Iil‘ﬁﬁlbsequent rest period,
measuring the voltage of ¥aitingfor arsgcond sest pepodilet er mi ned point within
sai d subsequent rest peri ggeasuring the voltage ofdsai@ batteinat saidi predérfaned

bet ween said vol b@?fvﬁihiﬁasiaﬂl'? at'gg 'é}%h.poi nt within said first rest
0 e

period and said age at, sald, pre . ned B’Oi nt within siali d subse,went
rest period, and determining 3 if%eﬁ‘iﬁ eiwpen a531d; Meltage ratnsay
response to sai dprideternrined pointrwithiresdidrfishrost perioddmidesaid vedtagé ae shid d;
\(Ng.i)ti ngC?gfl ggf ??ig{ﬁer estiﬂ%d]?f)ﬁgr -. dad 3660 l%s%aé%;;in&do?lhze’ ol t of
said batterd at a predet eﬂﬁfﬂ%ddiﬁﬁr?ﬁ%\jst greater fhana P'éng 1ng¥,t$xg§ﬁ§ld

causi ng sai d di stheardgoneasing saiidt avesagepghargingiepoents i zi ng pul se,
waiting for a subsequent rest period,
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nmeasuri ng the vol tage of &ai d @Ftlg?wozﬂ °§£‘8“’B.r1e&8f‘ef‘m*??éac°d8Pﬂﬁ“% ‘E‘%‘ﬁ n

sai d subsequent Steptofgepeating said steps of applying saidshargingpulse, applying said ween

said vol tags at figdtcand sl dép@ldﬁaﬁigé{uwek,hmitﬁ@g' fof k4id fifstdndosedond and
i

eriod, and - ot pefloBSTREY TERAARY Midbdiflebs el YEEFAHT Hnd Fong

response to sai d™§f PPEPERce being greater than a predeternined threshol d;

* [ L L] b *



(e) causing said charging circuit to apply a chargi ng pul se,

causing said discharging circuit to apply a depol ari zi ng pul se,

waiting for a rest period, nmeasuring the voltage of said
battery at a first predeterm ned point within said rest period,
nmeasuring the globadige Of said battery at a second predeterm

within said rest period, causing said discharging circuit to
apply a subsequent depol arizing pul se, 19 waiting for a
subsequent rest period, measuring the voltage of said battery

at a first predeterm ned pdi nt Aimethad for ghanging g hattery,cxompising dhe steps
nmeasuri ng the volgfage of said battery at a second predeterm ned point

within said subsequent res a first
di fference betweep said vo Qﬁgmé scz;]adgﬂgr &“I%er e‘@g{%’r P?ﬂ%@]egoﬁﬂta‘oﬁf?ﬁf’n
sai d rest peri od CHAEEIBE QITNE age at sai d second predeterm ned point within

said rest pesiod, app]ymgds["ﬁst pulyeg di fference between
said voltage at said fi rstwg{tﬁge{c g%tm&vl thin said subsequent rest
peri'od and said voltage at_sal &.secon red erm ned point within said

subsequent rest period, arfgeasuring the vo tag&e‘éf Saish h@ttéﬁi at ahpregleteymined ent
in response to bcpbintsmﬂiuf saidtfist i‘éqerpenod bei ng greater than a

predeterm ned threshold a ' 1 ng greater than said
predet er m n? t hr eshol d; %ﬂ%&ﬁ .Mn“;*{ﬁ%ﬁ cﬁar ging circuit to

apply a charging pul se, waiting orase ﬁﬁ@%dﬁl di scharging circuit to
appl y a depol arizing pul seapplying a subsequent\depblamlﬂg)pulser est period,

nMeasur i NGwhith Vfdrtaaﬁfb tt}%rf .y at a first
pr edet erm ned point wthi n sar rea{ ﬁglsre{]uegg rés od; asuring the

vol tage of said battery a G Hﬂgdb%rﬁtat\ﬁﬁi‘ﬂg deigraiiped ¢
peri od, point thb:wam@subsequdnsmsapgno@; circuit to apply a

subsequent gepol ari zi ng pl’de‘t@nnmlnéwz d1fferenc¥"a!§%t'vé&dgf Qﬁldiv%‘l ?@’Hal&eSt

peri od, neas e 0 I ISt
det er ni ned poi nt P&ﬁ%‘?’?}‘@& ﬁ?‘d‘r’jﬁ’éﬁ voltage at said

measuri ng t he vopredgtersiingd ipginfawithinsaid subsmpl@ndrqst rpdabdr andied poi nt
\é\ﬂ ]E]t" n sai dbstjbsequent r esif sRRT difference is g reaiter thacrildfgﬁéd@t@hﬁd thed tgﬂ'éshtbrl]d
i fference betwe LSt prede ned point w
said rest peri odﬁ{akﬁldﬁécge%sqhé%? g@eﬁéégp%r He F‘edet erm ned point within

sai d rest p%(h od, determ ning a second di fference between
sai d vol tage at said firstd.preQHecmettid o €laimyilt b B whiféin $hid ehiarai §e3t

tbsequent rest E@‘r boBfs 4 offdteing® Patii Rty ShT G SR8 O dlodietnd By
current in respoR%Eags B&ﬂglﬁ&r talrrmtssompﬁseﬁéﬁ@emnagsajfle@b@gmg]mlep

predet erm ned t hdemsdtimnd and sai d second difference being greater than said
predeterm nggl t hreshol d; (9) causing said charging circuit to

apply a chargi ng pul se, i for a [ est riod
measuring the vol tage of Said H&'Ft@?f}m\;‘\ﬁéd& Ip?ré E?’rﬁ“i'\éﬁl HEMG t hi n
said first rest pelsedasa chargmg pulse cument ammgudmndamchgepcaf degrensing t ery

at a second predgiig@ravenssk Hctifrefit e8inprises %Ibcfe@.fxingpﬁiﬂ‘?}ﬁargmg Cpulse
causing said di Sé‘p?é‘?‘n m(gur t to apply a depol arizing pul se

provi des a depoI 51%8 wai ting for a subsequent
rest per|0d3 measuring the voltage of said battery at a first

predeterm ned point wit hl 6. sai Theunedpdeof Cleiis Pedr Bdwherein said charging

e 05 S cbBE e St teictnid i BhA L LPLBGH B8k i

Wi thin said subs
average c arging current comprises decreasing said charging pulse
repetition rate.
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31 determning a first difference between said voltage at
.said first predeterm ned point within said first rest period and said

vol tage at said second predeterm ned point within said first rest period,
determining a second difference between said voltage at said first

predet erm ned RQpY4pzubdt Ni N sai d subsequent rest period and sefussghi@ge at
sai d second predeterm ned point within said subsequent rest period, and
decreasi ng said charging current |n responseggt o both said first di f f erence
being greater than a predet thr S nd sajd s d drfference
being greater than said prQSete $e‘%fd(5ﬁﬂnnsaf or§ ?‘ mn eath s1d 5 ¢
charging circuit depelagizing mﬂaegﬁlaSgapdeB@lanzmg pulse currenrt/aamplﬂgud@rami
first rest periodwherein said methodEfftierno @ﬁs&@'thégﬁeﬁfoisﬂbéréaﬁiﬂgersw@t a

meaur ng. the. vol Sepaping bl dubEnCainplitide ko Bid. Rtarass chging poprent

measuring the vol
within said fSrstis gsedi od, causing said di scharging
circuit to apply a depolarlzrng pul se, waiting for a

subsequent rest period, nmeasul | voI of. sar battery
at a first predeterm ned pcﬁ nt \;ﬁhphp}etg%?ao%sﬂ s%ﬁ (ii‘ dt
measuring the vol depplanizing pulssabasea depolarizing scprdamﬂtm #ﬂdéﬂhmlmtsald

wi thin said subsegiethéd f@ﬁherp@dmpﬁses the step of decreddfigesatddepalaiding Pulse

difference bgtwee e poi nt wrthrn
said first rg}st pg'?‘sagig géﬁgg@ e]r€ ggh 'gﬁ'%gt SW%‘& erm ned poi nt
wthin said first rest period, determ ning a second

di fference between said volg.ageThe methbvd of TlaimedebeB3mvbeseincd mamberhofh

sal d subsequent T gl BB AR IR S Yack sarP LHardRAR BIR SHIF IR AP
T

point within said s I'nCieasing, said

depol ari zi ng curr&H Pﬂé?%ﬂ%tﬁppf@feéﬁmgeﬁa@r sumber qf said

greater thanisa prdepolariningepulséy whew kaidoaverage chagtnnourderitiie deoreasédki ng-
greater than said pr edet erm ned thr eshol d; (1) causing said

h tt I h
?i ?;tgr Pgsf' Lg‘rj: od, ° aPPly 4 arl‘%lengleﬁm “of Claims 1 or 3 wwaretilllneac 3§a1%
neasuring the vol depplantingpulseahasea )depolanimg giulse ddedtiomand dvipereint saidt hi n

said first rest pgebosk decreasm sald averded ‘Jﬁ Eﬁﬁeﬁ?'cbﬂﬁﬁ’lses ﬁ@fe‘ism

battery at second F &Pr nt vvrthr said first t period
causi ng sai d| scifd d{ a(ﬂ%PPSF tﬂ)??‘ a depol ari zi ng pul se

waiting for a subsequent rest period, measur i ng t he vol t age
of said battery at a first g edrrherxﬁémed SPOMImY 1 loir'3 sdiefeintéuchasiiatrestest

peri od, d
predet er m ned poi R?n ﬁfgéeélt ‘%g glﬂéi}@p?ggtwgge% %ﬁ & ‘§{e¥) Sf dg(ﬁggﬂl%
determning a fi rsqldda\rerrege rgurs/@eﬁeyhmmmwgmqpaeagcsard rEgst period

pr edet er mi nezf poi dirationhi n said first rest period and said voltage at said
second predeterm ned point vvi t hi n said fi rst rest period,

determ ning a second dlffe et we ald ol t age at s jd first

predet er mi ned point withinl Gb@% ofy Qamse 4 g7 3 W %@F’H cAsh: 83 at
sai d second pr edetharging pujsei mtfonWembyaa mmnhereqﬂdﬂpolawatlpnrpldsbs and
termnating said ghgrainndafl rsié;b Qo Felpéatin §a‘i&p90éﬁg‘i g0 Sgﬁ? ulrrdrit

di fference | ng eat.er tha reget er second
di fference BPETS IGLERS QH(H“(ES The

appar at us of CI ar m 33 wherein said control I er |s further responsr ve to said

AT



di fference being greater than said predeterm ned threshold for decreasing
sai d chargi ng pul se duration. 35. The apparatus of C aim 33 wherein
said controller is further responsive to said difference being greater than
sai d predeterm ned threshold for decreasing said charging pulse current
anpl i t ude. 30 970386 apparatus of Caim 33 wherein said chgikGiddehisd S€
has a charging pulse repetition rate and wherein said controller 1s further
responsive to said difference being greaterzlt hen said predetermn ned

t hreshol d for decreasing sgjd avera% ing current conprises decreasing
sai d charging pul se repetit3on 4 aethod or ¢ arglngabattery by a pulse charging

33 37. The apppradass, n:ﬂmﬁ-nmngltﬂesw]nr(ﬂi:n said controller is further
responsive to said differ &?ﬁ% ﬁsghan sai d predeterm ned

t hreshol d for decreasing sglia E’ :)u se furrent anpl i t ude. 38.
The apparatus of O aim 33 ‘%PS@P%CS further responsive to
sai d differefhce being greaWamnghﬁnasﬁrsI esepetied;ni ned t hreshol d for

decreasi ng said depol ari m@gaamﬁtﬂyr@lt -of s 6P?%§A'Qea@;a ai m

33 wherein a nunber of tﬁ rizin | Ses each' sai arg| ng
pul se and wher ei ROUY; YItRE)$31 t(rqsgpp er responsive to said difference
bei ng greater than said prapplyingra sesondidepslarizing pulsdpcr easi ng sai d nunber

of said depol ari zi ng pul segf,a oP &c@ﬁgrrggam .ging current is

d d. Th |
pﬁfgga?\gs al%lepol ari z?napgﬁ%€®% ghei Bﬁ% é\/ﬂe‘?iﬁ{%lﬂ Hﬂpf%foeé%{li‘éhng

further responS|PQlftIle ingsaid seeonshrest periad; great er then sai d predet erni ned
; hrgfgfld 1; ]g)r C: gcreaSI ng f@étérxﬂﬁﬁﬁgaﬁl aiff&ehuéSEeMe%t SQ1d rveolt erat?)_ d

pp us S |
duration and V\hek’gar(%%%%@eg ﬁ’ﬁ@ﬁ’k‘&fﬁﬁgiﬁﬁﬁgﬁ eﬁfﬂgﬂﬁgq S%‘dt%l Cat Said

di ff erence bei ngPipdesemrined poirtawithin saidisecomdsest periedhand f or i ncr easi ng
said rest pesiod duration.jf saﬂ?dlffeﬁh@ea@@eéa&éﬂ&m‘a rédéteAinddetheéshoaldsai d

char gi ng pul se | ] e zatl on pul ses and wherein
said controller |sé E %\ré}@u "ygﬁég%@ &%aggg%ﬁ%ﬁgﬁ‘er ence being greater than
sai d predeterm ned threshol d for increasing said nunber of depolarizing

pul ses. 43, The appar 81415 @tnﬁthbmfaﬁdetm‘xﬁhhlgsﬂiecbmmiﬁéﬂwfq baftery,
further responsi g 91s§ qﬁ%‘gs §.rst difference and said second difference
bei ng greater than re rm ed threshold for decreasing said

chargi ng pu#&e duration. ylngac arging pulse to said battery; 34

44, The apparatus of d aappl;ﬁﬁg\mﬁrstldepelarltmg)phlseltbesmd batkenyt her
responsive to both said f i\fl&i‘tin%iifofr%rﬁi’s‘i%é’t‘”ﬂeﬁ@d'd second di fference being
greater than said . ’ . i
: measuring the voltage of said battery at a first
predetermined point within said first rest period;
25 measuring the voltage of said battery at a second
predetermined point within said first rest period;
applying a second depolarizing pulse to said battery;
waiting for a second rest period;
determining a difference between said voltage at said f1rst
30 predetermined point and said voltage at said second predetermined point;
and

if said difference is greater than a predetermined threshold
then indicating that water should be added to said battery.
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predet erm ned threshol d for decreasing said charging pul se current
.anplitude. 45, The apparatus of C aim 33 wherein said charging pul se
has a chargi ng pul se repetition rate and wherein said controller is further
responsive to both said first difference and said second difference being
greater than s%,p Wt erm ned threshold for decreasing sai

chargi ng current conprises decreasing said charging pulse repetition rate.
46. The apparatus of C aim 33 wherein saidpcontroller is further
responsive to both said first difference and sai d second difference being
greater than said predeter hed 4 metheg fortermimating the rhasging prOsessafarz4 ng
pul se current anplbattere compﬁsmgtﬂ'é]aepppﬁ atus of d ai m 33 wherein said

controller is further resp lgeir% Eﬁh rence and said
second di fference being gr haﬁ %"ez. eshol d for
decreasing said depol ari zi rﬁj’ A ng’LB“ t‘PW@‘ bﬁﬁﬁ“’éﬁ us of Claim

33 wherein a funber of sai owaiting fm-lazfirg sl period;ol | ows each said charging
pul se and wherein said cont ?% h tilg t\nﬁ’ia eesgpn§ﬁ$p BQttQ hatsaédf{fsf st
ere e

di fference and said second ein r an sal d predeterm ned
t hreshol d for decPEﬁquﬁ Pointwi a’§‘aﬁ¥§ Ging pul ses when said
average charging current i andasurngethe véHage Gﬁesaﬂp&mtary at & second3

wherein a said de Q‘H& ﬂw]ﬁle puI se duration and
wherein said cont? eérz |sg9 rt.her resga@(g:ﬂgétﬂb%{; sai d}({#rst di fference
and said secbhd difference %W&g&‘?&) QRIZINg PRISEJR S8 PHEEYS hr eshol d
for increasing said depol arwaitmg fionlassecond aestqperiod;

The appar at UEHEFTG i mg?se'."n w§ﬁ the_voltage of said, battery at & firsf ]
duration and V\/ner 19?‘81??99@?"952? BR% ve to both said

first difference and sal d sncasm*mgf the evolagei af wldatb&ttamaatsal second
predet erm negst hr ed ipvhewithiifssidi secobiest Ehgq duratl on.

The apparatus of O aim 33 \L/ﬁngr e rwgg 52 41?%%1}9%0 #WS’S%P:%F tﬁg?ﬂﬁ@%“?

nunber of depol ari zation
responsi ve to bot lﬁlfﬁaﬁl@dﬁemn@i Pﬂwwbmsﬁl@ ﬁg&tcmﬂpqnad@ndrﬁaed veltage at

greater than sai dsgidestebnd prédeteimined pvint wWithid seddast rge patiddpunmber of
depol ari zation pul ses. determining a second difference between said voltage at said
20 first predetermined point within said second rest period and said voltage
at said second predetermined point within said second rest period; and
if both said first difference is greater than a predetermined
threshold and said second difference is greater than said predetermined
threshold then terminating said charging process.
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